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LIST OF ACRONYMS AND ABBREVIATIONS

%R ' Percent recovery

pg/L micrograms per liter

ASTM | American Society for Testing and Materials
bgs below ground surface ’
CEA _ Classification Exception Area

CFR _ Code of Federal Regulations

CLEAN » - Comprehensive Long-Term Environmental Action Navy
CLP Contract Laboratory Program '
COC ' chain of custody

CRDL : Contract Required Detection Limit

CRQL | ~Contract Required Quantitation Limit

CTO Contract Task Order

DPDO Defense Property Disposal Office

DQO : data quality objectives

EFANE Engineering Field Activity Northeast

EPA Environmental Protection Agency

ESQD . explosive safety quantity distance

FOL _ Field Operations Leader

FS : Feasibility Study

FTMR Field Task Modification Requesi

GC gas chromatograph

GC/MS gas chromatograph / mass spectrbmeter
HASP . : Health and Safety Plan

HSM o Health and Safety Manager

Ic ion chromatograph

ICP inductively coupled plasma

IDL instrument detection limit

IDW investigative derived waste

IR ’ Installation Restoration

LCS laboratory control sample

MS/MSD matrix spike / matrix spike duplicate

msl mean sea level ‘
NFSEC Naval Facilities Engineering Service Center
NIST ~ National Institute of Standards and Technology
NJAC New Jersey Administrative Code
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1.0 PROJECT DESCRIPTION

1.1 INTRODUCTION

This Quality Assurance Project Plan (QAPP) has been prepared by Tetra Tech NUS (TtNUS) on behalf of
the United States Navy Engineering Field Activity Northeast and the Naval Weapons Station (NWS)
Earle, Colts Neck, New Jersey, under the Comprehensive Long-Term Environmental Action Navy
(CLEAN) Contract Number N62467-94-D-0888, Contract Task Order (CTO) 851. This QAPP includes
sections that constitute the Work Plan and Sampling and Analysis Plan (WP/SAP). The QAPP and
Health and Safety Plan (HASP), together constitute the project planning documents for this Investigation
to support estabiishment of a Classification Exception Area (CEA Investigation) for groundwater as
required by the Record of Decision (ROD) at the Defense Property Disposél Office (DPDO) Yard (Site 13)
NWS Earle,

This QAPP presents the organization, objectives, planned activities, and specific  Quality
Assurance/Quality Control (QA/QC) procedures for the site investigation. Specific protocols for sampling,
sample handling and storage, chain-of-custody, and laboratory and field analyses are described within
this document. All QA/QC procedures are structured in accordance with applicable technical standards,
the Naval Facilities Engineering Service Center (NFESC) guidance documént "Navy Instaliation
Restoration Laboratory Quality Assurance Guide (February 1996), and United States Environmental
Protection Agency (USEPA) Region Il and New Jersey Department of Environmental Protection (NJDEP)

requirements, reguiations, guidance, and technical standards.

1.2 FACILITY DESCRIPTION

NWS Earle is located in Monmouth County in east-central New Jersey (see Figure 1-1). It is situated on
approximately 711,134 acres and includes a Mainside area, which is approximately 10 miles inland from
the Atlantic Ocean at Sandy Hook Bay, and a Waterfront area, which includes an ammunition depot and
associated piers. The Mainside and Waterfront areas are.linked by a narrow tract of land that serves as a

right-of-way for a government road and railroad. Site 13 is located in the Mainside area.

The main entrance to NWS Earle is located off State Route 34, and the entrance to the Waterfront area is

located adjacent to State Route 36.
Land use at the Mainside area includes residences, office buildings, workshops and warehouses,

recreational areas, open space, and undeveloped land. The majority of the land at the Mainside area is

undevelopedl and is associated with ordnance operations, production, and storage facilities; the

080409/P 1-1 CTO 0851



REVISION 0

AUGUST 2004

undeveloped land is encumbered by explosive safety quantity distance (ESQD) arcs. The area around
the Mainside portion of the Facility includes agricultural areas, vacant land, and low-density residential

land.

1.3 SITE DESCRIPTION

This section summarizes pertinent surface features, geology, and hydrogeclogy information for NWS
Earle and Site 13. This information was obtained from the Feasibility Study (FS) for Site 13 at NWS Earle
(TtNUS, 2000). Figure 1-2 shows the Mainside area Installation Restoration (IR) program sites, including
Site 13. ’

NWS Earle is located in the coastal lowlands of Monmouth County, ‘New Jersey, within the Atlantic Coastal
Plain Physiographic Province. The Mainside area, whiéh includes Site 13, lies in the outer Coastal Plain,
approximately 10 miles inland from the Atlantic Ocean. The Mainside area is relatively flat, with elevations
ranging from approximately 100 to 300 feet above mean sea level (msl). The most significant topographic
relief within the Mainside area is Hominy Hills, a northeast-southwest-trending group of low hills located

near the center of NWS Earle.

Site 13 is located at least partially within ESQD arcs; therefore, future development at this site is severely

restricted.

Site 13 in an aréa of fill material extending into @ marsh near the rail classification yards (Figure 1-3). Site
13 is located in the northern end of the DPDO Yard and extends past the fence which surrounds the DPDO
Yard. Activities at the site included storage of scrap métals and batteries and the burial of material, such as
cars, trucks, electronic equipment, clothing/shoes, sheet metal, furniture, scrap metal, and batteries.
Additionally, batteries were broken open at the site for lead recovery, and acid was drained onto the ground.
Because the primary function of this site was scrap metal storage, unexploded ordnance (UXO) is not
expected to be present in the fill material; however, ordinance “shapes” have been encountered at this site
during previous intrusive activities. Obvious fill material is present at the ground surface at several places
across the site. A partial removal of exposed debris was performed by NWS Earle public works employeeslI

in the summer of 1997.

Hydrology

The rivers and streams draining NWS Earle ultimately discharge to the Atlantic Ocean, which is located
approximately 10 miles east of the Mainside area. The headwaters and drainage basins of three major
Coastal Plain rivers (Swimming, Manasquan, and Shark) originate on the Mainside area. The northern

half of the Mainside is in the drainage basin of the Swimming River, and tributaries include Mine Brook,
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Hockhockson Brobk, and Pine Brook. The southwestern pdrtion of the Mainside area drains to the
Manasquan River via either Marsh Bog Brook or Mingamahone Brook. The southeastern corner of the
Mainside area drains to the Shark River. Both the Swimming River and the Shark River supply reservoirs

used for public water supplies.

Runoff from the site drains north to the marsh and west to a berennial drainage channel that flows to
Hockhockson Brook. A fence surrounds the DPDO Yard but is not located at the edgé of the landfill. The
extent of fill material was not clearly defined to the east by previous investigations. The toe of the landfill
extends north of the DPDO yard fence into the marsh area and is clearly defined by an abrupt decrease '
in elevation of several feet between the top of the landfill slope and the marsh. Based on the site

topography, it is thought that the depth of waste is less than 10 feet below ground surface.

Geology

NWS Earle is situated in the Coastal Plain Physiographic Province of New Jersey. The New Jersey
Coastal Plain is a seaward-dipping wedge of unconsolidated Cretaceous to Quaternary sedirﬁent_s
deposited on a pre-Cretaceous basement-bedrock complex. The Coastal Plain sediments are primarily
composed of clay, silt , sand, and gravel and were deposited in continental, coastal, and marine
environments. The sediments generally strike hortheast-southwest and dip to the southeast at a rate of
10 to 60 feet per mile. The approximate thickness of these sediments beneath NWS Earle is 900 feet.’
The pre-Cretaceous complex consists mainly of Pre-Cambrian and lower Paleozoic crystalline rocks and
metamorphic schists and gneisses. The Cretaceous to Miocene Coéstal Plain Formations are either
exposed at the surface or subcrop in a banded pattern that roughly paralleis the shoreline. The outcrop
pattern is caused by the erosional truncation of the dipping sedimentéry wedge. Where these formations’
are not exposed, they are covered by essentially flat-lying Post-Miocene surficial deposits.
~ Regional mapping places Site 13 within the outcrop area of the Vincentown Formation, which ranges
between 10 and 130 feet in thickness in the NWS Eafle area. The lithology of the sediments encountered
in. the on-site borings generally agrees with the published description of the Vincentown Formation. In
general, the borings encountered alternating beds of yellowish—brown to brown, micaceous, silty, fine- to

medium-grained sand and olive, glauconitic, silty sand and sand.

Hydrogeology

Groundwater classification areas are defined under NJDEP Water Technical Programs Groundwater
Quality Standards in New Jersey Administrative Code (NJAC) 7:9-6. The Mainside area is located in the
Class II-A; Groundwater Supporting Potable Water Supply, area. Class II-A includes those areas where

groundwater is an eXisting source of potable water with conventional water supply treatment or is a
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potential source of potable water. In the Mainside area, in general, the deeper aquifers are used for

public water supplies, and the shallower aquifers are used for domestic supplies.

Groundwater in the Vincentown agquifer beneath Site 13 occurs under unconfined coﬁditions and is
encountered at approximately 3 to 11 feet below ground surface (bgs). The direction of shallow
groundwater flow in the aquifer under Site 13 is north-northwest. There does not appear to be a
significant seasonal variation in groundwater flow direction. The hydraulic ctonductivity calculated for

monitoring well MW13-04 is 2.64 x 10 centimeters per second (0.75 feet per day).

Nature and Extent of Contamination

The following discussion of nature and extent of contarhination is excerpted from the proposed plan for
Site 13 (TtNUS, 2002). Additional information can be found in the R! (B&R Environimental, 1998) and the
FS (TINUS, 2000). During the Site Inspection, six soil, three sediment, and three surface water samples
were collected from Site 13. Surface water samples were analyzed for SVOCs, PCBs, pesticides, metals
and cyanide. Elevated levels of several metals were present in surface water samples. No SVOCs,
pesticides, or PCBs were detected in surface water. Low levels of metals, pesticides, PCBs, and SVOCs
were detected in soil samples. Elevated levels of two semivolatiles were also detected in soil. Sediment
samples were analyzed for SVOCs, pesticides, and PCBs. Low Iévels of pesticides, PCBs, and SVOCs

were detected in sediments.

The Remedial Investigation (RI) at Site 13 included the installation and sampling of monitoring wells, the
collection of soil, surface water, and sediment samples, and the excavation of test pits to observe wastes
and sample subsurface soil. A wide variety of metals and volatile, semivolatile, and pesticide compounds
were detected in Site 13 groundwater.. PCBs, metals, semivolatiles, and pesticides were found in

sediment, and limited metals were detected in surface water.

During 2003, a pre-design investigation was completed at Site 13 to better define the limit of sediment
contamination at the toe of the landfill. Samples were analyzed for PCBs and TAL metals. The sampling

showed an area of contamination that extended approximately 120 feet out from the toe of the landfill.

Site Status

' The P'roposed Plan for Site 13 was issued in December 2002 (TtNUS, 2002) and presented the preferred
remedial alternative for Site 13 and summarized the information that led to the selection of the preferred
alternative. The preferred alternative includes capping the landfill portion of the site with a low-
permeability cover system, institutional controls, and long-term monitoring. Also indicatéd in the

Proposed Plan are two areas of possible excavation located outside the landfill limit. These areas are
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associated with sediment contamination were the focus of the pre-design investigation. The remedy also
indicates that a CEA will be established for Site 13 groundwater. The focus of this investigation is to
collect data that will be used to support the establishment _of a CEA. The Record of Decision (ROD) for
this site is currently being prepared. The investigation outlined in the QAPP is being performed as part of
pre-design activities for Site 13. It is anticipated that the results of this investigation will be presented in

remedial design documents.

1.4 REPORT CONTENTS

Section 1.0 of this QAPP is the introduction and site background. Section 2.0 details the scope of work to
be conducted for this investigation and the use of the data to be collected. Section 3.0 discusses the
project organization including personnel and entities involved with this project. Section 4.0 discusses
sampling procedures and field activities. Sections 5.0 through 15.0 detail the QA/QC requirements for the
data collection, analysis, and validation. Appendix A contains the project specific HASP. Appendix B

contains field forms and Appendix C contains standard operating procedures (SOPs).
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2.0 SCOPE OF WORK

2.1 PROJECT OBJECTIVES

The purpose of this CEA Investigation is the collection of groundwater data to support the establishment
of a CEA for Site 13. The ROD indicates that a CEA will be established to provide the state with official
notice that the constituent standards will not be met for a specified duration and to ensure that the use of
groundwater in the affected area is prohibited. . The most recent groundwater sampling at Site 13
occurred during the Rl and Rl addendum investigations. The data for these investigations were collected
in 1995 and 1996. The Groundwater Exception Area Guidance Document (NJDEP, 1998) indicates that
additional or confirrhatory well sampling is required if a significant portion of the data is more than 2 years
~old. Because the existing groundwater data is significantly older than 2 yéars old, new groundwater data
needs to be collected to support the CEA. To establish the CEA, two characteristics of the plume must
be determined. First, the amount of time that the contaminant concentration will take to reach the New
Jersey Groundwater Quality Standards (NJ GWQS) goals must be determined.- Second, the distance that
the contamination will migrate must be established (NJDEP 1998). .In addition, new monitoring wells at

the down gradient edge of the groundwater plume will be needed for long term monitoring of the Site.

Many of the previous groundwater samples were éollected using direct push technology (DPT) so that
permanent wells were not installed. Consequently these locations can not be resampled without installing
a new well or using DPT again. Therefore new monitoring points need to be established. Since the
groundwater at Site 13 has not been sampled for approximately seven years the location of the down

gradient edge of the plume must be verified.

The objective of the CEA investigation is to collect groundwater data which will determine the down
gradient edge of the groundwater plume and will provide current groundwater data on which predictions
of the plume migration and longevity can be made. The monitoring points may also be used for long-term

monitoring of the Site.

22 GROUNDWATER CONTAMINANTS OF CONCERN AND CRITERIA

The ten groundwater contaminants of concern (COCs) were established in the FS report (TtNUS 2000).
The COCs include: Antimony, arsenic, cadmium, chromium (total), iron, lead, 1,2-dichloroethene,
trichloroethene, tetratchloroethene, and vinyl chioride. The FS proposed that NJ GWQS be used as
preliminary remediation goals (PRGs) for all of the COCs except for iron. Background was cited
{7690 mg/L) as the PRG for iron. The NJ GWQS and the background value for iron will be used in

calculating the extent and longevity of the plume.
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2.3 INVESTIGATION AREA

The investigation area will focus on resampling the existing monitoring wells and to collect additional
groundwater data down gradient of the existing monitoring wells where it is expected that the edge of the

plume lies.

Down gradient of the existing monitoring wells, new wells will be drilled in a stepwise fashion. The shortly
after installation of the wells, the wells will be sampled with a quick turn analysis. That data will then be
used to detevrmine' if additional wells will be required to define the edge of the plume. [fitis determined
that that newly installed wells are not needed for long term monitoring the wells will be abandoned. It is
anticipated that 10 shallow monitoring wells will be drilled and that 6 wells will be kept for future

monitoring.

2.4 DECISION RULE

Groundwater samples will be collected from the 6 existing wells located at the site concurrent with the
installation of the 10 additional temporary/permanent wells. All groundwater samples will be submitted for
. expedited laboratory analyses for select VOAs and metals. Each of the newly installed wells will also be
sampled and analyzed for the same constituents, immediately following installation and development of
‘each well. In addition, a round of water level measurements will be taken in all _existing wells and a
portion of the newly installed wells and staff gauges approximately halfway through the investigation, to
develop a preliminary potentiometric surface map with groundwater flow directions for the area of interest.
The potentiometric surface data will be evaluated in conjunction with the expedited laboratory analyses
results to help determine the remaining monitoring well locations, and to determine which wells will
ultimately be completed as permanent wells. The analytical data will be evaluated for contaminant type,
" magnitude, frequency, and location; and will be compared to the 1995 analytical datébase to -evaluate -
plume chéracteristics over time. The overall intent of the investigation‘will be to monitor groundwater

upgradient of the impacted areas, within the impacted areas, immediately downgradient of the impacted .
areas along the plume fringe, and further downgradient in unimpacted areas where the plume has yet to

travel. Which this in mind, it is anticipated that the groundwater analytical results will vary from non

detections, upwards through detections exceeding regulatory criteria, and approaching or perhaps

exceeding those concentrations found during the 1995 investigation.

25 SAMPLING DESIGN AND ANALYSIS

The sampling design is intended to initially establish baseline conditions by sampling all the existing wells

and comparing the newly acquired data to the 1995 database, to evaluate plume characteristics over
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time. Secondly, the sampling design is intended to obtain real time data as the investigation progresses,
to determine optimum well locations and to develop the framework for long term groundwater monitoring

of the site.

It is anticipated that groundwater contamination still exists in groundwater at concentrations that are
similar to that found during the 1995 investigation, and that the plume has most likely migrated further
downgradient. However, it is also likely that the plume has naturally attenuated and degraded over time,

but the extent that these mechanisms exist, and the distance that the plume has traveled; is not known. _

The proposed monitoring well network is designed in a series of three arcs, or lines; starting along the
fringe of the plume as defined during the 1995 investigation; and progressing in a downgradient direction
parallel to the groundwater flow direction. The density and number of wells in each arc decreases in a
downgradient direction as rhore data is collected; with the intent of focusing the effort along the plume
axis, once defined. The network is intended to be capable of modification as necessary to fully evaluate

the effects of a migrating plume, if evident.

2.6 PROJECT SCHEDULE

The groundwater samples will be as soon as possible following approval of this work plan. Allowing time
for regulatory and Navy review and final submittal of this document, it is anticipated that the sediment
groundwater at Site 13 will occur at the beginning of November 2004 and will take one 10-day shift to

complete. The lab analyses will then be completed on a 24-hour turnaround.

2.7 PROJECT TARGET PARAMETERS AND INTENDED DATA USES

The project target parameters include both primary constituents which are reflective of the source
products found in groundwater at the site, as well as those secondary parameters which will provide
useful data to evaluate those naturally occurring processes that affect the concentration of constituents in

groundwater at the site.

The primary constituents of concern groundwater are select volatile organic compounds and metals. The
volatile organic compoundé consist of chlorinated solvent compounds (namely tetrachloroethene,
trichloroethene, 1,2-dich|oroethene,v and vinyl chloride), and those compounds appear to be found in
parent and daughter relationships, which could indicate natural attenuation. The inorganic compounds
are antimony, arsenic, cadmium, chromium, iron, and lead. Analyses of these primary constituents are
essential to the overall evaluation of the groundwater at the site. All existing and newly installed wells will

be analyzed for select VOAs and metals.
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Those secondary parameters of interest are associated with evaluating whether natural attenuation
processes exist at the site, which could effective alter the organic contaminant concentrations at the site.
Biodegradation of chlorinated contaminants in groundwater is most effective {in the source and near the
source) under anaerobic or reducing conditions. Several geochemical parameters will be analyzed in
select groundwater 'samples which, when evaluated in conjunction with the primary organic constituents
and their parent/daughter relationships; will be used to formulate several lines of biodegradation evidence

at the site.

Dissolved oxygen analyses will be used to determine whether anerobic conditions exist at the site, and is
also a primary electron acceptor. Nitrate, nitrite, sulfate, and manganese are anaerobic electron
acceptors, and sulfide is a common product of sulfate reduction. Chloride is the ultimate daughter
product of reductive dechlorination. Ferrous iron is also a product of iron reduction. The dissolved gases

are daughter products of reductive dechlorination and alkalinity is used to determine buffering capacity.

Only select monitoring welis will be analyzed for monitored natural attenuation parameters. One well,
13MWO05 will be used to monitor conditions upgradient of the source.. Well 13MWO02 will be used to
monitor groundwater concentrations in the source area. Well 13MWO09 will be used to monitor
groundwater concentrations along the downgradient fringe of the plume, assuming contaminated
groundwater has migrated downgradient this distance. Wells 13MW13 and wells 13MW16 will monitor
groundwater concentrations further downgradient of the plume, and it is anticipated that at least one of

these wells will contain groundwater concentrations below regulatory standards.
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Note:

TABLE 2-1

SUMMARY OF PROPOSED SAMPLING
' SITE 13
NWS EARLE
COLTS NECK, NEW JERSEY

Analyses
Sample Identification Select | Select
VOA Metals

MNA (3)

SITE 13 GROUNDWATER SAMPLES

13GW0102

13GW0202

! 13GW0302

13GW0402

13GW0502

13GW0602

13GW0701

13GW0801

13GW0901

13GW1001

13GW1101

13GW1201

13GW1301

13GW1401

13GW1501

<[ ¢ f o] x| | < o< [ << | o< o< x| o< <] < <
| 3| ><| <[ >¢f <] <] o< o< <[ x| < <) ¢ | < [ <

13GW1601

QUALITY CONTROL SAMPLES

RB090804

x
x

FD090404 @

bt
x

FD091204 @

x

The 6-digit number represents the date on which the rinsate blank was
collected (i.e."090804" refers to September 8, 2004. Only one rinsate blank
will be required of the bladder pump during the entire field event.

The "090804" indicates the date on which the duplicate sample was
collected. The sample/duplicate pair will be recorded on the sample
logsheet. Duplicate samples are to be collected at a rate of 1 for every 10
environmental samples collected. '

Includes Chloride; dissolved gases (Hydrogen, Ethane, Ethene, Methane),
Sulfate, Sulfide, Nitrate, Nitrite, Ferrous Iron, Dissolved Oxygen, and
Alkalinity. The actual wells to be analyzed for MNA may be modified based
on initial receipt of expedited analytical results.

A Matrix Spike / Matrix Spike Duplicate Sample (MS/MSD) will be collected
at a rate of 1 for every 20 environmental samples. The MS/MSD sample
consists of triple volume of the enviromnmental sample. The MS/MSD
sample will be determined by the field sampler and will be noted on the
chain of custody and sample logsheet.



TABLE 2-2

ANALYTICAL DETECTION LIMITS - SELECT VOCs
NWS EARLE, COLTS NECK, NEW JERSEY

PAGE 1 OF 4
Select VOC RAL" for Aqueous Modified Calibration
p t Samples (ug/L) Levels®@ for Aqueous
arameter Samples (pg/L)

cis-1,2-Dichloroethene 35 0.5
trans-1,2-Dichloroethene 35@ 0.5
Trichloroethene -1.0 05
Tetrachloroethene 1.0 0.5
Vinyl chloride 2.0 Q.5

1 RQL - Required Quantitation Limit.

2 CLP OLM04.3 Modified Quantitation Limits are available under the

Flexibility Clause.

3 RQLs were derived from New Jersey Groundwater Quality Standard for
total-1,2-dichloroethene (70 ug/L).




TABLE 2-2

ANALYTICAL DETECTION LIMITS - SELECT METALS
NWS EARLE, COLTS NECK, NEW JERSEY

PAGE 2 OF 4
RDL®M
Parameter Aqueous Samples
, (ng/L)
Antimony 20
Arsenic v 8.0
Cadmium 4.0
Chromium (total) 100
Iron 7690
Lead 10
Manganese 15

1 RDL - Required Detection Limit as based on
New Jersey Ground Water Quality Standards
except for iron which was the site background
concentration and manganese which is the CLP
CRQL.



TABLE 2-2

ANALYTICAL DETECTION LIMITS - DISSOLVED GASES
NWS EARLE, COLTS NECK, NEW JERSEY

PAGE 3 OF 4
Detection Limit
Parameter Aqueous Samples
(ng/L)
Ethane ’ 1
Ethene 1
Methane 1
Hydrogen 1




TABLE 2-2

ANALYTICAL DETECTION LIMITS — MISCELLANEOUS ANALYSES
NWS EARLE, COLTS NECK, NEW JERSEY

PAGE 4 OF 4
: Estimated Detection
Parameter Limit™ (mg/L)
Dissolved Oxygen 0.025
Chloride MDL
Nitrate 0.01
Nitrite _ 0.005
Sulfate 4.9
Sulfide 0.1
Ferrous Iron 0.2
Alkalinity 10
1 Estimated Detection Limits are taken from the appropriate test kit.

MDL - Method Detection Limit: The laboratory will report to the method
detection limit for chloride, but no limits are listed because MDLs
vary between laboratories and over time. Additionally, chloride is
being analyzed for natural attenuation purposes only.
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3.0 PROJECT ORGANIZATION

This section presents project management and organization information for Site 13 Classification
Exception Area (CEA) Investigation sampling and analysis activities. The project organization chart for
the Navy/TtNUS team is provided in Figure 3-1. The various QA and management responsibilities of the

Navy and key TtNUS personnel are defined in the following paragraphs.

3.1 NAVY REMEDIAL PROJECT MANAGER

The Navy Remedial vProject- Manager (RPM) is responsible for overall QA of the project. The Navy RPM

has the responsibility for the following specific activities:
e Implementing the remedial action in accordance with the ROD.

e Serving as lead contact person with the regulatory agencies and regulatory oversight contractor, if

applicable.
e Initiating and chair meetings.
e Facilitating resolution of issues during the planning and implementation stages.

¢ -Assuring adequate resources are provided to complete activities in accordance with the approved

plans, on schedule, and within budget.
e Assuring compliance with QA policies and procedures.
The Navy RPM for NWS Earle is Ms. Michele DiGeambeardino.

3.2 TtNUS CLEAN PROGRAM MANAGER

!

- The TtNUS Navy EFANE CLEAN Program Manager provides operations, technical, and administrati.ve
leadership and oversees and supports quality policies. The TtNUS Program Manager is responsible for
the_ execution of all contractual obligations. He serves as the primary program point of contact for the
client and provides an interface between the Navy and the project staff. The TINUS Program Manager,

Mr. John Trepanowski, may delegate authority to the Deputy Program Manager, Mr. Garth Glenn, P.E.
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3.3 TtNUS PROJECT MANAGER

The TiNUS Project Manager (PM) is responsible for project performance, budget, and schedule and for
ensuring the availability of necessary personnel, equipment, subcontractors, and services. The TINUS
PM will direct the development of the field program, the evaluation of findings, the determination of
conclusions and recommendations, and the preparation of the technical report. The TINUS PM is
selected based upon technical experience, project needs, and previous ‘experience. Additional

responsibilities include:

Ensuring timely resolution of project-related technical, quality, safety, or waste management issues.

e Functioning as primary interface with the Navy RPM and NWSSite Manager, field and office

personnel, and subcontractor points-of-contact.
» Monitoring and evaluating subcontractor laboratory performance.

e Coordinating and overseeing work performed by field and office technical staff (including data

validation, statistical evaluations, and report preparation).
» Coordinating and overseeing maintenance of all project records.
e Coordinating and overseeing review of project deliverables.
. Pfeparing and issuing final deliverables to the Navy.
¢ Approving the implementation of corrective action.
The TtNUS PM is Mr. Daniel Witt,.P.E.

3.4 TtNUS HEALTH AND SAFETY MANAGER

The TtNUS Health and Safety Manager (HSM) is responsible for the following:

» Overseeing the development and review of the Site Security and HASP

e Implementing the Site Security and HASP

* Assigning the Site Safety Officer {SSO) and supervising his/hér performance
» Conducting Health and Safety audits

e Preparing Health and Safety reports for management
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The TtNUS HSM is Mr. Matthew Soltis.

3.5 QUALITY ASSURANCE

This section identifies the QA responsibilities for sediment sampling and analysis activities.

Responsibilities of TINUS and the analytical laboratories are discussed.

3.5.1 TtNUS Quality Assurance Manager

The TtNUS Quality Assurance Manager (QAM) is responsible for overall QA for the project and reports
directly to the TtNUS Program Manager. The QAM has the responsibility for the following specific

activities:

» Developing, maintaining, and monitoring QA policies and procedures.

» Providing training to TINUS staff in QA/QC policies and procedures.

» Conducting systems and performance audits to monitor compliance with environrhental regulations,
contractual requirements, QAPP requirements, and corporate policies and procedures.

e Auditing project records.

e Monitoring subcontractor quality controls and records.

» Assisting in the development of corrective action plans,

* Ensuring correction of nonconformances reported in internal or external audits.

e Overseeing the implementation of the QAPP.

+ Overseeing and reviewing the development and reviéion of the QAPP.

¢ Overseeing the responsibilities of the TtNUS Site QA/QC Advisor.

* Preparing QA reports for management.
The TtNUS QAM is Ms. Kelly Carper.

3.6 LABORATORY RESPONSIBILITIES

The subcontracted laboratory is responsible for analyzing all samples in accordance with the analytical
methods and additional requirements specified in this QAPP. It will also be the analytical laboratory’s
responsibility to properly dispose of unused sample aliquots. Responsibilities of key laboratory personnel

are outlined in the following paragraphs.
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Laboratory Project Manager

The Laboratory Project Manager, who reports directly to the TINUS PM, will:

» Ensuring that method- and project-specific requirements are properly communicated and understood
by laboratory personnel.

¢ Ensuring that all laboratory resources are available on an as-required basis.

» Monitoring analytical and project QA requirements.

« Reviewing data packages for completeness, clarity and compliance with project requirements.

* Informing the TtNUS PM of project status and any sample receipt or analytical problems.

Laboratory Director

Responsibilities of the Laboratory Director include the following:

¢ Supporting the QA prdgram within the laboratory

* Providing management overview of both production- and quality-related laboratory activities
¢ Maintaining adequate staffing to meet project analytical and quality objectives

» Approving all laboratory SOPs and QA documents

. Supervising in-house COC documentation

+ Overseeing the preparation of and approving final analytical reports prior to submittal to TINUS

Laboratory Quality Assurance Officer

The Laboratory QA Officer (QAQO) has the overall responsibility for data after it leaves the laboratory. The
Laboratory QAO will be independent of the laboratory but will communicate data issues through the

Laboratory Project Manager. In addition, the QAO will:

» Overseeing laboratory QA

¢ Overseeing QA/QC documentation

s Conducting detailed data reviews

¢ Determining whether to implement laboratory corrective actions
¢ Defining appropriate laboratory QA procedures

e Preparing laboratory SOPs

Independent QA will be provided by the laboratory project manager and QAQ prior to release of all data
to TtINUS.
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Laboratory Sample Custodian

The Laboratory Sample Custodian will report- to the Laboratory Director. Responsibilities of the

Laboratory Sample Custodian include the following:

¢ Receiving and inspecting the incoming sample containers.

¢ Recording the condition of the incoming sample containers.

* Signing appropriate documents.

«  Verifying COCs.

s Notifying Laboratory Project Manager and Laboratory Director of sample receipt and inspection.

» Assigning a unique identification number and customer number and entering each into the sample
receiving log.

» With the help of the laboratory manager, initiating transfer of the samples to appropriate lab sections.

+ Controlling and monitoring access/storage of samples and extracts.

Laboratory Technical Staff

The laboratory technical staff will -be responsible for sample analysis and identification of corrective

actions. The staff will report directly to the Laboratory Director.

3.7 POST RECORD OF DECISION INVESTIGATION ACTIVITIES

TINUS will be responsible for all field activities related to sediment sampling and analysis activities. The
TINUS field team will be organized according to the activities planned. Field team members will be
selected based on the type and extent of effort required. All team members will be appropriately skilled
and trained for the tasks they are assigned to perform. The team will consist of a combination of the

following personnel:

¢ Field Operations Leader (FOL)
+ Site QA/QC Advisor
¢ 880

¢ Field technical staff

3.7.1 Field Operations Leader

The FOL is responsible for coordinating all on-site personne! and for providing technical assistance when
required. The FOL, or designee, will coordinate and lead all sampling activities and will ensure the

availability and maintenance of ali sampling materials/equipment. The FOL is responsible for the
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completion of éll sampling, field, and COC documentation will assume custody of samples and assure the
proper handling and shipping of samples. The FOL is a highly experienced environmental professional

who will report directly to the TtNUS PM. Specific FOL responsibilities include the following:

» Functioning as communications link between field staff members, the Site QA/QC Advisor, SSO, the
NWS Site Manager and the TtNUS PM.

s Overseeing the mobilization and demobilization of. all field equipment and subcontractors.

. Coordinating and managing the field technical statf.

s Adhering to the work schedules provided by the PM

» Bearing responsibility for maintenance of the site logbook, field logbook, and field record-keeping.

¢ Initiating Field Tasbk Modification Requests (FT‘MRs) when necessary.

« 1dentifying and resolving problems in the field; resolving difficulties in consultation with the NWS Site
Manager; implementing and documenting.corrective action procedures and providing communication

between the field team and upper management.

3.7.2 Site Quality Assurance/Quality Control (QA/QC) Advisor

The FOL (or designee) will act as the Site QA/QC Advisor, who is responsible for ensuring adherence to
all QA/QC guidelines as defined in the QAPP. Strict adherence to these procedures is critical to the
collection of acceptable and representative data. The following is a summary of the Site QA/QC Advisor’s

responsibilities:
». Ensuring that field duplicates and field QC blanks are collected with the proper frequency.

e Ensuring that additional volumes of sample are supplied to the analytical laboratory with the proper

frequency to accommodate laboratory QA/QC analyses.

¢  Ensuring that measuring and test equipme‘nt are calibrated, used, and maintained in accordance with

applicable procedures.
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e Acting as liaison between site personnel, laboratory personnel, and the TINUS QAM.

» Managing bottleware shipments and overseeing field sample preservation.

3.7.3 Site Safety Officer

The FOL (or designee) will also serve as the SSO. The duties of the SSO are detailed in the HASP. The
SSO has stop-work authority, which can be executed upon the determination of an imminent safety

hazard.

3.7.4 Field Technical Staff

The field technical staff for this project will be drawn from TtNUS’s pool of qualified personnel. All of the
designated field team members will ‘be experienced professionals who possess the degree of
specialization and technical competence required to effectively and efficiently perform the required work.

The field staff is responsible for complying with field-related requirements as presented in the QAPP.

3.8 SPECIAL TRAINING REQUIREMENTS AND CERTIFICATIONS

All field personnel will have appropriate training to conduct the field activities to which they are assigned.
Additionally, each site worker will be required to have completed a 40-hour course in Health and Safety
Training as described under Occupational Safety and Health Administration (OSHA) 29 Code of Federal
Regulations (CFR) 1610.120(b)(4) as well as the requirements/training and éertifications outlined in the

project-specific HASP.

080409/P ' 3-7 CTO 0851 .



FIGURE 3-1

PROJECT ORGANIZATION CHART
SITE 13
NWS EARLE, COLTS NECK, NEW JERSEY
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4.0 FIELD ACTIVITIES AND PROCEDURES

“The field activities will include the following tasks:

¢ Mobilization/demobilization

e Temporary / permanent monitoring well installations
e Groundwater Sampling

* Water level measurements

° lnvestigative Derived Waste Handling

e Sample handiing

The sample identification numbers and required analyses for the samples proposed at Site 13 are
provided in Table 2-1. A summary of the field and laboratory analytical methods and bottleware,
preservation, and holding time requirements is provided in Table 4-1. Field activities will be performed in
accordance with TINUS standard operating procedures, which are located in Appendix B. Field Forms

are located in Appendix C.

4.1 MOBILIZATION/DEMOBILIZATION

TtNUS will prepare specifications and obtain subcontractors for the monitoring well drilling, surveying, and
laboratory analyses. All field team members will review this QAPP and the project HASP prior to the
initiation of the field activities. The project-specific HASP is provided in Appendix A. In addition, a field

team orientation meeting will be held to familiarize personnel with the scope of the field activities.

4.2 TEMPORARY/PERMANENT MONITORING WELL INSTALLATIONS

A total of 10 monitoring wells will be installed at the approximate locations shown on Figure 2-1. The
wells will be installed into the shallow groundwater and will be terminated at an approximately depth of
15 feet beneath the ground surface. The wells will be initially installed as temporary wells, followed by
well development, purging, and groundwater sampling for expedited analyses. The results of the
expedited analyses will be used to make field determinations regérding subsequent well locations, and
will be used to determine which temporéry wells should be completed as permanent wells, to support long
term monitoring. Those temporary monitoring wells not completed as permanent wells will be abandoned

at the completion of the field activities.

Both temporary and permanent monitoring wells will be drilled and installed in a similar manner, however

the temporary wells will not have protective casings and concrete pads installed until a determination is
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made to either complete the well as a permanent installation or abandon the well. Temporary wells
determined to be used as permanent installations will be completed by installing the protective casing and

concrete pad.

The well borings will be drilled using Hollow Stem Auger drilling techniques to the desired depth. Spiit
barrel sampling will be performed in accordance with ASTM methods at a frequency as determined by the
tield geologist. Drill cuttings will be spread at the drill locations. Once the desired depth is reached, the
well will be installed. NSF approved, PVC schedule 40 well screen with a slot size of .010 inches and a
length of 10 feet will be screwed onto NSF approved, PVC schedule 40 riser pipe; and lowered into the
boring. A uniform sand pack will be placed around the well screen to a depth of 2 feet above the top of
the well screen. A minimum two foot thick, bentonite pellet seal will be installed above the sand pack.
The top of the riser pipe will be capped with an expandable (J-type) cap with keyed alike lock. The
remainder of the boring (approximately 1 foot) will remain open until a determination is made based on
analytical results regarding whether to complete the wells as permanent installations or to abandon the
wells. All well installation materials will be installed through the center of the augers as the augers are

withdrawn from the boring, to ensure adequate installation of well construction materials without caving.

Temporary wells determined to remain as permanent installations will be completed by installing a 4 foot
by 4 foot by 6 inch thick concrete pad with a steel protective casing and locking cap around each riser

pipe. Concrete will be allowed to fill the remainder of the well annulus surrounding the riser pipe.

Temporary wells determined not to be essential for long term monitoring purposes will be abandoned at
“the completion of the field activity. The riser pipe and well screen will be pulled from the well boring and
the void space will be backfilled with bentonite pellets to the ground surface. The temporary well location

" will be marked with a wooden stake for future surveying.

All wells will be devéloped a minimum of 24 hours after installation with a surge block, submérsible pump,
bailer, and / or peristaltic pump. Measurements of temperature, pH, conductivity, and turbidity will be
monitored during development. Development will continue until the discharge water is visibly clear but
no more than one hour per well. The development water will be discharged onto the ground surface at

each well location.

4.3 GROUNDWATER SAMPLING

Groundwater sampling will be performed in all the 6 existing wells and the newly installed 10 temporary
wells immediately aft_er each well is developed. The groundwater samples will be submitted for expedited
analyses and the results will be used to determined which wellis will be used to guide the remainder of the

investigation regarding additional well placement, and will ' be used to determine which wells will be
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completed as permanent installations. The wells will be safnpled using downhole bladder pumps. The
existing 6 monitoring wells presently have dedicated downhole bladder pumps and will be sampled
initially at the beginning of the project, whereas the newly installed wells will be sampled with a bladder

pump and replaceable bladder, the pump housing will be decontaminated between samples.

The wells will be purged using the low flow purging sampling technique and flow - through cell connected
to the water quality meter. Measurements of pumping rate, water level drawdown, pH, ORP, conductivity,
temperature, turbidity, and dissolved oxygen will be collected every 10 minutes during purging. The
pumping rate will be maintained during purging to ensure that no more than 0.3 feet of drawdown is
achieved during purging. Purging will be initiated at a flow rate of 100ml/min and will be adjusted as
necessary but will not exceed 400 mi/min. Purging will continue until at least one casing volume of water
is removed and stabilization is reached as determined based on the following criteria for 3 consecutive

) vmeasurements:v

 pH * 0.2 standard units

+ Specific conductance = 10%
e Temperature + 10% |
o  Turbidity less than 10 NTUs

o Dissolved oxygen + 10%

Purging will continue for up to 4 hours, if necessary, until stabilization is reached. If stabilization is not
reached after 4 hours, then the groundwater sample will be collected and the information recorded on the
~ sample logsheet. Wells with turbidity- measurements in excess of 10 NTU’s will be sampled for both

filtered and unfiltered metals analyses.

Wells that are purged dry will be allowed to recover twice during purging, then will be allowed to recover
once again prior to collecting the éample. Groundwater sampling will be performed within 24 hours after

the start of purging. Purge water will be dischavrged onto the ground surface at each well location.

44 WATER LEVEL MEASUREMENTS

Water level measurements will be collected in all of the existing monitoring wells and in the initially
installed new temporary wells during the early stages of the investigation. The information will be used to
prepare a potentiometric surface contour map to aid in the placement of subsequent wells as the
investigation progresses. The newly installed well -riser pipes will be field surveyed for elevation in
relation to the existing wells to determine potentiometric surface elevations. Temporary staff gauges will
also be installed as necessary (using existing features such as bridge abutments, culvert pipes, or

wooden stakes) in surface water bodies to determine the groundwater/surface water interrelationship.
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One comprehensive round of groundwater level measurements will also be collected in all the existing
and new wells and staff gauges at the site. The measurements will be taken using an electronic water

level indicator.

4.5 AQUIFER TESTING

Up to 6 selected monitoring wells will be tested to determine aquifer parameters. The monitoring wells
will be slug tested using both rising and falling head tests. A hydrologic monitor connected to a pressure
sensitive transducer will be used to record the change in water level with respect to time, and a solid slug

will be used to displace a known volume of water in the well.

4.6 SURVEYING

All newly ihstalled monitoring wells and staff gauges will be surveyed by a licensed surveyor at the
completion of the project. The points will surveyed for both vertical and horizontal control before the

temporary wells are abandoned.

47 DECONTAMINATION

ltems requiring decontamination include sampling and monitoring equipment as well as the downhole
drilling equipment. The sampling and monitoring equipment including the bladder pump, water level
indicator, transducer probe, solid slug, and water quality probe will be decontaminated using the following

procedure:

¢ Liquinox/water wash

e Tap water rinse

+ . Deionized water rinse (bladder pump only)

An isopropanol water rinse will follow the tap water rinse in the event that an oily residue is present.

The downhole drilling and sampling tools will be decontaminated with a pressurized hot water water

wash.

The decontamination activities will be performed on the landfill area and the decontamination fluids will be

discharged onto the ground surface.
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4.8 INVESTIGATIVE DERIVED WASTE HANDLING

Investigative Derived Waste (IDW) that will be accumulated during the field investigation will include: -

» Disposable sampling equipment "

e Used personal protection equipment (PPE)
o General refuse

e Drill Cuttings

e Purge and development water

o. Decontamination Fluids

Disposable sampling equipment and used PPE will be decontaminated with a Liquinox / water wash and
discarded, with general refuse; in solid waste dumpsters at the facility. Drill cuttings will be spread out at
the drill locations. Purge and development water will be discharged onto the ground surface at the well

locations. Decontamination fluids will be discharged to the ground surface at the landfill.

49 SAMPLE HANDLING

Sample handling includes the field-related activities necessary to ensure that the samples are prepared,
packaged, and shipped to the laboratory in an appropriate, well documented manner. Summaries of
sample containers, volume requirements, preservatives, allowable holding times, and analyses are

provided in Table 4-1.

491 Field Documentation and Sample Custody

Sample documentation consists of the completion of forms as shown in Appendix B to record pertinent
information and to maintain sample custody. In addition, the Master Site Logbook serves as the overall
record of field activities. Information included daily in the Master Site Logbook includes weather

conditions, identity and arrival and departure times of personnel, management issues, etc.

492 Sample Nomenclature

Each sample collected at Site 13 will be assigned a unique tracking number. The sample number
designation includes the sample location number, site number, and an indication of the sample matrix.
The sample locations identified in Table 2-1 incorporate the sample matrix/type, site, and sample location

numbers.
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4.9.3 Sample Filtering

It may be necessary to filter groundwater samples for metals analyses in those cases where turbidity
measurements are greater than 10 NTU’s at the time of sample collection. The samples will be filtered
using an .45y inline filter and silicone tubing connected to a peristaltic pump. All filtering equipment will

be dedicated and disposal. A rinsate blank of this equipment will not be necessary.

4.9.4 Sample Preservation

The existence of some chemical constituents in some environmental matrices is unstable. Therefore,
these typés of samples must be “stabilized” using preservatives and/or special handling procedures.
These preservation techniques prevent degradation of the sample to ensure that the sample is
representative of actual site conditions. Preservation réquirements for samples to be collected at Site 13

are presented in Table 4-1.

4.9.5 Sample Packaging

The sample containefs, once labeled and appropriately preserved, will be placed in Ziploc bags and
placed in a cooler lined with a garbage bag. Crushed ice will be placed around the sample containers
and the chain of custody form will be taped to the inside lid of the cooler. The cooler will be tabed shut
with chain of custody seals, and labeled for delivery to the lab. The sample cooler will be taken to the

overnight courier for overnight shipping to the laboratory.
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TABLE 4-1

SUMMARY OF FIELD AND LABORATORY ANALYSES
BOTTLEWARE, PRESERVATION, AND HOLDING TIMES

SITE 13

NWS EARLE, COLTS NECK, NEW JERSEY

Analysis Method Sample | Container Material | Preservation Holding
: Volume Time
SEDIMENT
Select VOCs OLM04.3 40 mL Glass vial Hydrochloric 14 days
Acid to pH <2,
. . Cool to 4°C
‘| Select Metals - ILMO04.1 250 mL Polyethylene Nitric Acid to 180 Days
pH <2 -
Chloride EPA 300 250 ml Polyethylene Coolto 4°C 28 days
Dissolved Gases RSK SOPs 3-40 ml Glass- Hydrochloric 14 days
(Hydrogen, Ethane, | 147 and 175 | sample Acid pH < 2,
Ethene, Methane) vials Cool to 4°C
Nitrate, Nitrite, Hach DR-850 (1) (1) M (1)
Sulfate, and Sulfide |
Ferrous lron Hach IR-18C Q)] (1) (1 (1
Dissolved Oxygen Chemetrics (1) (1) (1) (1)
K-7501, K-
7512
Alkalinity Chemetrics (1) (1) (1) (1)
K-9810,K-
9815, K-9820

(1) Not applicable, these methods are field analyses and are performed on site.

NOTE:

Measurements of temperature, specific conductance, ORP, dissolved oxygen, and turbidity will be recorded

with a water quality meter.

Method number shall be indicated on the chain-of-custody form for Iaboratory analyses
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5.0 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

The overall QA objective for this project is to develop and implement procedures for field sampling, COC,
laboratory analysis, and reporting that will provide results that are legally defensible in a court of law.
Specific procedures for sampling, COC, laboratory instrument calibration, laboratory analysis, reporting of
data, internal QC, audits, pr"eventiVe_ maintenance of field equipment, and corrective action are described

in other sections of this QAPP.

The PARCC parameters (precision, accuracy, representativeness, comparability, and completeness) are
qualitative and/or quantitative statements regarding the quality characteristics of the data used to support
project objectives and ultimately, environmental decisions. These parameters are discussed in the
remainder of this section. Specific routine procedures used to assess the quantitative parameters

(precision, accuracy, and completeness) are provided in Section 13.0 of this QAPP.

5.1 PRECISION
51.1 | Definition

Precision is a measure of the amount of variability and bias inherent in a data set. .Precision describes the
reproducibility of measurements of the same parameter for samples under similar conditions. The

equation for determining precision is provided in Section 13.2 of this QAPP.

5.1.2 Field Precision Objectives -

Field duplicate precision monitors the consistency with which environmental samples were obtained and
analyzed. Field duplicate results for sediment matrix samples are considered to be precise if the relative
percent difference (RPD) is less than or equal to 50 percent. Field precision is assessed through the
collection and measurement of field duplicates at a rate of 1 duplicate per 10_environmental samples or

one duplicate per sampling day per matrix, whichever is greater.

5.1.3  Laboratory Precision Objectives

Laboratory precision QC samples are analyzed at a frequency of 5 percent (i.e., 1-quality control sample
per 20 environmental samples). Laboratory precision is measured via comparison of calculated RPD
values and precision control limits specified in the analytical method or by the laboratory's: QA/QC

Program.
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The following analyses will be completed for environmental sazmples collected during the CEA

Investigation at NWS Earle:

e Select Metals analysis via CLP ILM04.1 (see Table 4-1 note)
¢ Select VOC analysis via CLP OLM04.3

s Dissolved Gases via RSK SOPs 147/175

e Chloride via EPA Method 300.0

Precisioh for VOC organic and Chloride analyses will be measured via the RPDs for matrix spike/matrix
spike duplicate (MS/MSD) samples. Precision for Metals and Gases analyses will be measured via RPDs
for laboratory duplicates. RPD limits will be statistically derived at the analytical laboratory. These limits

will be provided in each analytical data package.

5.2 ACCURACY
5.2.1 Definition

Accuracy is the degree of agreement between two results, which are the observed value and'a_n accepted

reference value. The equation for determining accuracy is provided in Section 13.1 of this QAPP.

5.2.2 Laboratory Accuracy Objectives

Accuracy in the laboratory is measured through the comparison of a spiked sample result against a known
or calculated value expressed as a percent recovery (%R). %Rs are derived from the analysis of known
amounts of compounds spiked into de-ionized water (i.e., laboratory conirol sample analysis) or into actual
samples (i.e., surrogate or MS analysis). These analyses meaSure the accuracy of laboratory operations
as affected by matrix. Laboratory control sample and/or MS analyses are performed with a frequency of 1
per 20 assoéiated samples of like matrix. Surrogate spike analysis is performed for all organic analyses.
Laboratory accuracy is assessed via comparison of calculated %R values with accuracy control limits
specified in the analytical method or by the contracted laboratory’'s QA/QC Pro_gram. |

The following analyses will be completed for environmental samples collected during the CEA
Investigation at NWS Earle:

» Select Metals analysis via CLP ILLM04.1 (see Table 4-1 note)
¢ Select VOC analysis via CLP OLM04.3

¢ Dissolved Gases via RSK SOPs 147/175

* Chloride via EPA Method 300.0
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Accuracy for VOC analyses will be measured via the %Rs for surrogate spikes, LCS, and MS/MSDs.
Accuracy for Metals analysis will be measure.d via %Rs for MS and laboratory control samples. Accuracy
for Dissolved Gases analyses will be measured via LCS/LCSDs. Accuracy for Chloride analyses will be
measured via MS/MSDs. QC limits for matrix and surrogate spike recoveries are statistically derived by

the analytical laboratory and will be provided in each analytical data package.

53 COMPLETENESS
5.3.1 Definition

Completeness is a measure of the amount of usable, valid, analytical data obtained compared to the

amount expected to be obtained.- Completeness is typically expressed as a pefcentage.

The ideal objéctive for completeness is 100 percent (i.e., every sample planned to be collected is
collected; every sample submitted for analysis yields valid data). However, sampl.es can be rendered
unusable during shipping or preparation (e.g., bottles broken or extracts accidentally destroyed), errors
can be introduced during analysis (e.g., loss of instrument sensitivity, introduction of ambient laboratory
contamination), or strong matrix effects can become apparent (e.g., extremely low MS recovery). These
instances result in data that do not meet QC criteria. Based on these considerations, 95 percent is
considered an acceptable target for the data completeness objective. If critical data points are lost, re-
sampling and/or reanalysis may be required. |

One hundred percent of the data for the CEA Investigation activities shall be validated. The validation will
be in accordance with the USEPA National Functional Guidelines for Organic and Inorganic Data Review
and the USEPA Region Il SOP for validation of data unless dictated otherwise by project-specific data
quality objectives (DQOs). Data rejected as a result of the validation process will be treated as incomplete
data.

5.3.2 Laboratory Completeness Objectives

Laboratory completeness is a measure of the amount of valid laboratory measurements obtained from all
the laboratory measurements made in support of a given project. The equation for completeness is
presented in Section 13.3 of this QAPP. Laboratory completeness for the NWS Earle CEA Investigation
activities is expected to be at least 95 percent.
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5.4 REPRESENTATIVENESS
5.4.1 Definition .

Representativeness is an expression of the degree to which the data accurately and precisely depict the
actual characteristics of a population or environmental condition existing at an individual sampling point.
Use of standardized sampling, handling, analytical; and reporting procedures ensures that the final data

accurately represent actual site conditions.

5.4.2 Measures to Ensure Representativeness of Laboratory Data

Representativeness in the laboratory is ensured by using the proper analy’ucal procedures, meeting

sample holding times, and analysis of field duplicate samples.

5.5 COMPARABILITY
5.5.1 Definition

Comparability is defined as the confidence with which one data set can be compared to another (e.g.,
between sampling points and between sampling events). Comparability is achieved by using standardized
sampling and analysis methods and data reporting formats including use of consistent units of measure
and reporting of solid matrix sample results on'a dry-weight basis. Additionally, consideration is given to

seasonal conditions and other environmental variations that could infiuence data results.

5.5.2 Measures to Ensure Comparability of Laboratory Data

Analytical data will be comparable when similar sampling and analytical methods are used and
documented. Results will be reported in units that ensure comparability with previous data and with
current State and federal standards and guidelines. VOC, Gases, Chloride, and Metals results will be
reported as pg/L for groundwater samples. Detection, reporting, and quantitation limits are discussed in
Section 2 of this QAPP.

5.6 LEVEL OF QUALITY CONTROL EFFORT

Trip blank, equipment blank, field blank, method blank, duplicate, and MS samples will be analyzed to
assess the quality of the data resulting from the field sampling and analytical program.

External QC samples (i.e., field QC samples) consist of field duplicates, field blanks, trip blanks, and

equipment (rinsate) blanks. Each of these types of field QC éamples undergoes the same preservation,
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analysis, and reporting procedures as the related environmental samples. Each type of field QC sample is

discussed below.

Field duplicates are either two samples collected independently at a sampling location (e.g., surface
water), or a single sample homogenized and split into two portiong. Field duplicates are collected and
analyzed for chemical constituents to measure the precision of the sampling and analysis methods
employed. The general level of the QC effort will be 1 field duplicate for every 10 or fewer investigative

samples or one duplicate per matrix per sampling day, whichever is greater.

Field blanks (ambient condition blanks), consisting of source water, will be submitted to the laboratories to
provide the means to assess the quality of the data resulting from the field sampling program. Field blank
samples are analyzed to check for background contamination at the site that may cause sample
contamination. Field blanks will be collected based on conditions at the time of sampling at the discretion
of the FOL, with a minimum of one field blank being collected per individual contiguous area of potential

concern.

Equipment (rinsate) blanks are obtained under representative field conditions by collecting the rinse water
generated by running analyte-free water through sample collection equipment after decontamination and
prior to use. One rinsate blank will be collected per each type of sampling equipment used (i.e., bailer,
split-spoon sampler, hand tools, etc.) per day that sampling is conducted at a minimum frequency of
10 percent. A sampling event is matrix-specific; therefore, an equipment blank must be collected for each
matrix sampled. If pre-cleaned, dedicated, or disposable sampling equipment is used, one rinsate blank
must be collected as a "batch blank." Rinsate blanks are analyzed for the same chemical constituents as

the associated environmental samples.

Method blank samples are generated within the laboratory and used to assess contamination resulting.
from laboratory procedures. Laboratory duplicate samples are analyzed for inorganic parameters to check

for sampling and analytical reproducibility.

MS samples provide information about the effect of the sample matrix on the digestion and measurement
methodology. All MS for organic analyses are performed in duplicate and are hereinafter referred to as
MS/MSD samples. One MS/MSD will be analyzed for every 20 or fewer investigative samples per sample

matrix (i.e., groundwater, soil).

The level of QC effort for testing of VOCs will conform to the CLP OLMO04.3 guidelines. The level of QC
effort for testing of Metals will conform to CLP iLM04.1.
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6.0 CUSTODY PROCEDURES

Do_cumentéd sample custody is one of several factors necessary for the admissibility of environmental
data as evidence in a court of law. Custody procedures help to satisfy the two major requirements for
admissibility: relevance and authenticity.. Sample custody is addressed in three parts: field sample
collection, laboratory analysis, and final evidence files. Final evidence files, including alt- original
laboratory reports and purge files, are maintained under document control in a secure area. A sample or

evidence file is under custody when any one of the following conditions is satisfied:

e The item is in the actual physical possession of an authorized person.
¢ Theitem is in view of the person after being in his or her possession.
* The item was placed in a secure area to prevent tampering.

e The item is in a designated and identified secure area with access restricted to authorized personnel

only.

The COC form is a multi-part, standardized form used to summarize and document pertinent sample
information such as sample identification and type, sample matrix, date and time of collection,
preservation, and requested analyses. Furthermore, through the sequential signatures of various sample
custodians (e.g., sampler, airbill number, laboratory sample custodian), the COC form documents sample
custody and tracking. Laboratory custody procedures will ensure that sample integrity is not
compromised from the time of receipt at the laboratory until final data are reported to TtNUS. This
requires that the laboratory control all sample handling and storage conditions and circumstances.
Custody procedures apply to all environmental and associated field QC samples obtained as part of the

data collection system.

6.1 FIELD CUSTODY PROCEDURES

The FOL (or designee) is responsible for the care and custody of the samples collected until they are
relinquished to the laboratory or entruste_d' to.a commercial courier. COC forms are completed to the
fullest extent possible for each sample cooler used for shipment. The forms ére legibly completed with
waterproof ink and are signed and dated by the sampler. COC forms will include the following
information: project name, sample number, time collected, matrix, designated analyses, type of sample,

preservative, and name of sampler. Pertinent notes or comments are also indicated on the COC form.
Information similar to that contained on the COC form is provided on the sample label, which is securely

attached to the sample bottle. Sample labels will include, at a minimum, the following information: sample

number, date and time of collection, analysis required for the sample aliquot in the associated sample
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cohtainer, and a space for the laboratory sample number. The procedures for sample numbering are
listed in SOP CT-04 in Appendix C of this QAPP.

Site conditions during sampling and the care with which samples are handled may factor into the degree
to which samples represént the media from which they are collected. This, in turn, could affect the ability
of decision makers to make accurate and timely decisions concerning the contamination status of the site.
As appropriate, logbooks are assigned to, and maintained by, key field team personnel. The logbooks
are used to record daily conditions and activities such as weather conditions, dates and times of
significant events, level of PPE used, actual sample collection locations, photographs taken, problems
encountered during field activities, chemical screening results, and corrective actions taken to overcome
problems. In addition, the names of site visitors and the purposes of their visits shall be recorded. Field
logbook assignments shall be recorded in the site logbook or other central file, the location of which is
known by the FOL and PM. During field ‘activities, the FOL is responsible for the maintenance and
security of all field records. At the completion of field activities, the FOL will forward all field records to the

TINUS PM. Al field sample records will eventually be docketed into the final evidence file.

A temperature blank shall be included in each cooler containing samples for use by the laboratory upon -
receipt. Each cooler shall be taped shut with strapping tape in at least two places to prevent tampering.
Custody seals shall be attached so that the seals must be broken to open the cooler. Samples for

chemical analysis will be sent for next-day receipt to the laboratory within 24 hours of collection.

The following -procedures will be used when transferring custody of samples. As previously noted,
individual custody records will accompany each sample cooler. The method of shipment, courier name,
and other pertinent information will be entered in the remarks section of the custody record. When
transferring samples, the individuals relinquishing and receiving the samples will sign, date, and note the
time on the COC record. The original record (top copy of the muiti-part-form) will accompany the
'shipment, and the field sampler will retain a copy. This record documents the sample custody transfer
from the sampler to the laboratory, often through another person or agency (common courier). After COC
records have been placed within sealed shipping coolers, the signed courier airbills will serve to
document COC. When samples arrive at the laboratory, internal laboratory sample custody procedures

will be followed (see Section 6.2).

62 . LABORATORY CUSTODY PROCEDURES _ -

Upon laboratory receipt of a shipment of samples, the laboratory’'s sample custodian will verify that the
correct number of coolers has been received. The custodian will examine each cooler's custody seals to
verify that they are intact and that the integrity of the environmental samples has been maintained. The

custodian will then open each cooler and measure its internal temperature by measuring the temperature
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of the temperature blank. The temperature reading will be documented. The sample custodian will then
sign the COC form and examine the contents of the cooler. Identification of broken sample containers or
discrepancies between the COC form and sample labels will be recorded. The laboratory will retain the
original field COC forms, providing copies of the forms with the final data package deliverable. All
problems or discrepancies noted during sample receipt will be promptly reported to the TtNUS PM.

Samples will be logged into the laboratory information management system.

6.3 FINAL EVIDENCE FILES

The TtNUS Central File will be the repository for all documents that constitute evidence relevant to
sampling and analysis activities described in this QAPP. TtNUS will be the custodian of the evidence file
and will maintain the contents of these files, including all relevant records, reports, logs, field notebooks,
pictures, subcontractor reports, and data reviews in a secure, limited-access location and under custody
of the TINUS QAM. The control file will include at a minimum: ’

¢ Field logbooks

¢ Field data and data deliverables

* Photographs and negatives

¢ Drawings

e Laboratory data deliverables

¢ Data validation reports

o Data assessment reports

¢ Progress reports, QA reports, interim project reports, etc.
e All custody documentation (tags, forms, airbills, etc.)
e Sample log sheets

e FTMR

¢ Corrective actions documentation.

Upon completion of the contract, all files associated with this investigation will be relinquished to the

cusiody of the Navy.

The FOL wil! be responsible for ensuring the completion of the following forms:
e Sample labels

e (COC forms

e (COC seals for coolers
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s Shipping labels for coolers

e Public courier air bills

6.4 QUALITY CONTROL SAMPLES

Field QC samples will be collected or generated during environmental sampling activities. Field QC -

samples will be addressed in more detail ih Sections 5.6 and 9.2.

6.5 RECORD KEEPING

In addition to COC records, certain standard forms will be completed for sampie description and
documentation. These forms shall include sample log sheets, daily activity records, and logbooks. A
bound, weatherproof notebook shall be maintained by the FOL. All information related to sampling or

field activities will be recorded in the field notebook. This information will include, but is not limited to,
sampling time, weather conditions, unusual events, and field measurements. Field notebooks should
also contain qualitative or semi-qualitative information on sample conditions such as odor and color.
Record keeping is discussed in further detail in SOP SA-6.3 in Appendix C of this QAPP.

~
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7.0 CALIBRATION PROCEDURES AND FREQUENCY

All instrumentation used to perform chemical measurements must be properly calibrated prior to use in
order to obtain valid and usable results. The requirement to properly calibrate instruments prior to use
applies equally to field instruments as it does to fixed laboratory instruments. Laboratory instrument
calibration is discussed in Section 7.1. The field staff will utilize photo-ionization detectors for health and
safety reasons only. Because none of these measurements will be used to support the objectives, they

are not considered field measurements.

741 LABORATORY INSTRUMENT CALIBRATION

Calibration procedures for a specific laboratory instrument will consist of initial calibration (generaily three
to five points), initial calibration verification (inorganic methods only), and continuing calibration
verification and will comply with the analytical methods. In all cases, the initial calibration will be verified
using an independently prepared calibratio_n verificétion solution. The frequency of calibration will be

performed according to the requirements of the specific methods.

All standards used to calibrate analytical instruments must be obtained from the National Institute of
Standards and Technology (NIST) or through a reliable commercial supplier with a proven record for
quality standards. All commercially supplied standards must be traceable to NIST reference standards,
where possible, and appropriate documentation will be obtained from the supplier. In cases where
documentation is not available, the laboratory will analyze the standard and compare the results to a

USEPA-supplied known or previous NIST-traceable standard.
The calibration procedures and frequencies used by the subcontract laboratory will comply with the
applicable analytical method. Brief descriptions of calibration procedures for the pertinent instrument

types follow.

7.11 Volatile Organic Compounds Analyses

For VOC analyses, the GC/MS system will be calibrated in accordance with CLP OLM04.3. The initial
calibration is required before any samples are analyzec;, and a multi-point initial calibration sequence is
-analyzed. A five-point initial calibration with standards bracketing the range of detection (for VOCs and a
one-point calibration factor is determined). If all initial calibration criteria are met, samples may be
analyzed for a period ‘bf 12 hours. The calibration must be verified (continuing calibration every

12 hours).” Calibration standards must be injected after every 20 samples. If continuing calibration
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criteria are met, analysis of samples can continue. If continuing calibration criteria are not met it is

necessary to recalibrate.

7.1.2 Metals Analyses

7.1.21 Inductively Coupled Argon Plasma Analyses

Inductively coupled plasma (ICP) spectrometry systems will be calibrated for the analysis of metals in
accordance with the CLP protocols outlined in Method ILM04.1. Initial calibration is required each day
before any samples are analyzed and consists of a calibration blank and at least one standard. Following
initial calibration, an initial calibration verification sample (obtained from a different source than the
solutions used for calibration), an initial calibration blank, and an interference check sample are analyzed.
A continuing calibration verification sample and a continuing calibration blank are run every 2 hours or
every 10 samples, whichever occurs first. A continuing calibration verification sample, a continuing
calibration blank, and an interference check sample are also run after analysis of the last sample. The
initial calibration verification standard, continuing calibration verification standard, and interference check
sample each contain analytes of interest at different concentrations. The calibration verification standards
must agree within 10 percent of their known values and must‘have a relative percent difference of less
than 5 percent for the calibration to be considered valid. All calibration standards contain acids at the

same concentrations as the sample digestates.

713 Dissolved Gases Analyses

For Dissolved Gases analyses, the GC system will be calibrated in accordance with RSK SOPs 147/175.
The initial calibration is required before any samples are analyzed, and a multi-point initial calibration
sequence is analyzed. A five-point initial calibration with standards bracketing the range of detection (for
VOCs and a one-point calibration factor is determined). If all initial calibration criteria are met, samples
may be analyzed for a period of 12 hours. The calibration must be verified (continuing calibration every
12 hours). Calibration standards must be injected after every 20 samples. If continuing calibration
criteria are met, analysis of samples can continue. If continuing calibration criteria are not met it is

necessary to recalibrate.

7.1.4 Inorganic Anions Analyses

For Inorganic Anions analyses, the lon Chromatography (IC) system will be calibrated in-accordance with
EPA Method 300.0. The initial calibration is required before any samples are analyzed, and a multi-point
initial calibration sequence is analyzed. A minimum of é three-point initial calibration plus a blank with
standards bracketing the range of detection is performed. If all initial calibration criteria are met, samples

may be analyzed for a period of 12 hours. The calibration must be verified (continuing calibration every
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12 hours). Calibration standards must be injected after every 20 samples. If continuing calibration
criteria are met, analysis of samples can continue. [If continuing calibration criteria are not met it is

necessary to recalibrate.

7.2 MISCELLANEOUS FIELD ANALYSES

Miscellaneous Field Analyses (Nitrate, Nitrite, Sulfate, Sulfide, Ferrous Iron, Dissolved Oxygen, and
Alkalinity) will be performed using field test kits. The preparation and analyses will be performed

according to the manufacturers’ guidelines.
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8.0 ANALYTICAL AND MEASUREMENT PROCEDURES

The analytical laboratory has yet to be determined, however, QA/QC control limits are provided in the CLP
Methodology which may be utilized to perform the majority of the routine chemical analyses for the

environmental samples to be collected as part of this investigation.

8.1 LABORATORY ANALYTICAL AND MEASUREMENT PROCEDURES

Select Volatiles and select Metals will be analyzed in accordance with the CLP analytical procedures set
forth in the CLP Methods OLMO04.3 and ILMO04.1, respectively. Dissolved Gases will be analyzed in
accordance with the analytical procedures set forth in RSK' SOPs 147/175. Chloride will be analyzed in
accordance with the analytical procedures set forth in EPA Method 300.0.

8.1.1 List 6f Pi‘oiect Target Compounds and Detection Limits

Table 8-1 provides a summary of the preparation, clean-up, and analytical methods for the anticipated
activities. A complete list of the target compounds/analytes, CRDLs, and CRQLs is provided in Section 2
of this QAPP. Organics data generated through use of CLP prot}ocols will be reported to the CRDL.
Metals déta generated through use of CLP protocols will be reported to the CRQL. Quantitation and

detection limits will also be adjusted, as necessary, based on dilutions and sample volume.

Non-detects will be reported to the CRDL/CRQL for metals and to the PQL for dissolved gases and anions
and marked with a "U" flag as applicable. Positive resuits between the CRDL/CRQL/PQL and method

detection limit/instrument detection limit will be flagged "J".

8.1.2  List of Associated Quality Control Samples

In addition to the field QC samples (duplicates, trip blanks, rinsate blanks, etc.) discussed in Sections 5.6

of this QAPP, laboratory QC samples includihg MS/MSD samples, method blanks, preparation blanks,

etc. will be analyzed as required by the appropriate methods. Laboratory QC samples are discussed in
additional detail in Section 9.2 of this QAPP.

8.2 FIELD ANALYTICAL AND MEASUREMENT PROCEDURES

Nitrate, Nitrite, Sulfate, Sulfide, Ferrous Iron, Dissolved Oxygen, and Alkalinity will be analyzed using field
test kits as defined in Table 4-1. The analyses will be performed according to the manufacturers’

guidelines.
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TABLE 8-1

SUMMARY OF ORGANIC AND INORGANIC ANALYTICAL PROCEDURES
: GROUNDWATER MATRIX
NWS EARLE, NEW JERSEY

' Analytical Parameter Preparation/Analytical Method
Select VOCs CLP OLM04.3"
‘Select Metals _ ' ' CLP ILM04.1®
Chloride : _ EPA 300.09
Methane, Ethane, Ethene, and Hydrogen RSK SOPs 147/175%
Sulfate, Sulfide, Nitrate, and Nitrite HACH DR-850%
Ferrous Iron HACH IR-18C® ,
Dissolved Oxygen Chemetrics K-7501, K-7512®
Alkalinity i Chemetrics K-9810, K-9815, K-9820%

1 USEPA Contract Laboratory Program. Statement of Work for Organics Analysis;
Multi-Media, Multi-Concentration, OLM04.3. -

2 USEPA Contract Laboratory Program. Statement of Work for Inorganic Analysis;
Multi-Media, Mutti-Concentration, ILM04.1.

3 USEPA Method 300.0. Inorganic Anions by lon Chromatography.

4 Dissolved Gases: Ethane, Ethene, Methane, and Hydrogen in Groundwater.
Robert S. Kerr Environmental Research Laboratory SOPs 147/175.

5 Analyses performed using field test kits.

VOC = Volatile Organic Compounds



REVISION 0
AUGUST 2004

9.0 INTERNAL QUALITY CONTROL CHECKS

Field-related QC checks were discussed in Section 4.0 of this QAPP. This section provides additional

information regarding internal QC checks for the field and the laboratory.

9.1 FIELD QUALITY CONTROL CHECKS

Collection of the field QC samples will be in accordance with the sampling procedures provided in this
QAPP at the frequencies discussed in Section 4.0 of this QAPP.

9.2 LABORATORY QUALITY CONTROL CHECKS

The subcontract laboratory will have a QC program that ensures the reliability and validity of the analyses
performed at the laboratory. All analytical procedures are typically documented in writing as SOPs.
Laboratory SOPs for any and all analyses will be provided in either addenda to the QAPP or under

separate cover contingent upon the logistics of the laboratory procurement process.

Internal QC procedures for CLP analyses (VOC and metals) are discussed in OLM04.3 and ILM04.1.
Internal QC procedures for Dissolved Gases {methane, ethane, ethene, and hydrogen) are discussed in
RSK SOP-147/175. Internal QC procedures for chloride are discussed in EPA Method 300.0. Several

internal laboratory QC checks are briefly discussed in the remainder of this section.

Laboratory method blanks are prepared and analyzed in accordance with the analytical method
employed to determine whether contaminants originating from laboratory sources have been introduced
and have affected environmental sample analyses. A method blank generally consists of an aliquot of
analyte-free water that is subjected to the same preparation and analysis procedures as the environmental
samples undergoing analysis. If method blank contamination is found to exist, corrective actions indicated
in the CLP/EPA Methods or laboratory SOPs must be followed. Under no circumstances are laboratory

method blank contaminant values subtracted from environmental sample analysis results.

MS analysis for VOC fraction analyses is performed in duplicate as a measure of laboratory precision.
For inorganic analyses, 1 laboratory duplicate analysis is likewise performed for every 20 environmental
sample analyses of like matrix. Laboratory duplicates are prepared by thoroughly mixing and splitting a
sample aliquot into two porﬁons and analyzing each portion fbl!owing the same analytical procedures used
for the environmental sample analyses. The field crew provides extra volumes of sample matrices

- designated for laboratory QC analyses, as required. The laboratory SOPs and CLP/EPA Methods define
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circumstances under which corrective actions are warranted and how they must be performed when

required.

Surrogates are organic compounds (typically brominated, fluotinated, or isotopically labeled) that are
similar in nature to the compounds of concern and that are not likely to be present in environmental
media. Surrogates are spiked into each sample, standard, and method blank prior to analysis and are
used only in organic chromatographic analysis procedures as a check of method effectiveness. Surrogate

recoveries are evaluated against laboratory-derived statistical control limits.

LCSs serve to monitor the overall performance of each step during the analysis, including the sample
preparation. LCS analysis will be performed for Metals, chloride, and dissolved gases analyses. Aqueous
LCS results must fall within the control limits established by CLP/EPA Methodology for metals and
laboratory SOP for dissolved gases. Aquéous LCSs shall be analyzed utilizing the same sample

preparations, analytical methods, and QA/QC procedures as employed for the samples.
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TABLE 9-1

CLP QC SAMPLE CRITERIA
NWS EARLE, NEW JERSEY

Compound MS/MSD LCS Precision
VOC QC LIMITS ’
System Monitoring Compounds
Toluene-d8 84%-138% NA NA
Bromofluorobenzene 59%-113% NA NA
1,2-Dichloroethene-d4 70%-121% NA NA
Spiked Compounds
1,1-Dichloroethene 61%-145% NA 14%
Trichloroethene 71%-120% NA 14%
Benzene 76%-127% NA 1%
Toluene 76%-125% NA 13%
Chlorobenzene 75%-130% NA 13%
METALS QC LIMITS
Al} Metals

75%125% | 80%-120%

20%
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10.0 DATA REDUCTION, VALIDATION, AND REPORTING

This section describes the procedures to be used for data reduction, validation, and reporting for the
NWS Earle Groundwater CEA Investigation. All data generated during the course of the investigation will
be maintained in. portable document for'mat (PDF) format by TtNUS in the Engineering Field Activity
| Northeast designated central files located in the TtNUS Pittsburgh, Pennsylvania office.

In addition to the central files, PDF’s of all data (as well as electronic data) will be maintained in the
Chemistry/Toxicology/Risk Assessment Department database records files located in the TtNUS

Pittsburgh, Pennsylvania office. Upon completion of the éontract, files will be relinquished to the Navy.

10.1 DATA REDUCTION

Data reduction will be completed for laboratory-generated analytical data. Reduction of laboratory data is

discussed in the remainder of this section.

10.1.1 Laboratory Data Reduction

Data reduction for laboratory analytical data generated via the CLP analytical protocol, QA requirements,
and reporting procedures (volatile organics, dissolved gases, chloride, and metals) will be completed in

accordance with the applicable analytical methods.

Laboratofy analytical data will be reported using standard concentration units to ensure comparability with
regulatory standards/guidelines and previous analytical results. Reporting units for groundwater matrix

for the classes of chemicals under consideration are as follows:

. volatile organics - pg/L
. metals - pg/L

) gases - g/l

. chloride - mg/L

Field QC sample results will be included in the database for the NWS Earle Groundwater CEA
Investigation. Specifically, the analytical results for field duplicates, source water blanks, trip blanks,
'rinsate blanks, and ambient condition blanks will be provided. The results for field QC samples will be
considered during the course of data validation (in concert with laboratory method blanks) to eliminate
false positive resuits according to the 5- and 10-times rules specified in the National Functional

Guidelines for Organic and Inorgani'c Data Review. The results for laboratory QC samples such as
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method blanks will not be presented in the CEA Investigation Report database. In addition, only the

ofiginal (unspiked) sample results for MS/MSD samples will be provided in the database.

10.2 DATA VALIDATION

Validation of field measurements and laboratory analytical data are discussed in this section. Laboratory
analytical data will be validated in accordance with current state and regional EPA guidance as discussed
in Section 10.2.1.

10.2.1 Laboratory Data Validation

One hundred percent of the laboratory data will be validated. Validation of analytical data will be
completed by the TINUS Chemistry Department located in TtNUS's Pittsburgh, Pennsylvania office. Final
review and approval of validation deliverables will be completed by the Department's Data Validation

Coordinator.

The analytical results for VOC and metals fractions generated using CLP methodology will be validated
against method-specific requirements, National Functional Guidelines for Organic and Inorganic Data
Review, USEPA Region Il SOP for Data Validation, and the appropriate New Jersey DEP data validation
SOPs to the extent practicable.

10.3 DATA REPORTING

10.3.1 Laboratory Data Reporting

Data reported by the laboratory will be in accordance with CLP reporting format including all non-CLP
data (to the extent practicable). Ali pertinent QC data including raw data and summary forms for blanks,
. standards analysis, calibration information, etc., will be provided for the non-CLP analyses. Case

narratives will be provided for each Sample Delivery Group.

All environmental and field QC sample results (trip blanks, field duplicates, rinsate blanks, source water
blanks, ambient condition blanks) will be included in the report as an appéndix. The database will include
pertinent sampling information such as sample number, sampling date, general location, depth, and
survey coordinates (if applicable). Sample-specific reporting limits will be reported for nondetected
analytés. Units will be clearly summarized in the database and will conform to those identified in
Section 10.1.1. The analytical data may also be reported in summary fashion within the body of the

report text in tabular and graphic fashion.
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Data will be handled electronically pursuant to the electronic deliverable requirements specified in
TtNUS’s Master Services Agreement with analytical laboratories. This agreement requires the analytical
Iabofatories to provide data in both hardcopy and electronic form. The original electronic diskettes and
the original hardcopy analytical data are maintained in TtNUS’s Engineering Field Activity Northeast

central files as received.

Validation will be completed using the PDF file data. Upon completion of validation of a Sample Delivery
Group and review by the Data Validation Coordinator, the validation qualifiers will be entered in the
electronic database and will be subjected to independent review for accuracy. During this review
~ process, the electronic database printout will.also be compared to the PDF data“ (Form Is) to ensure that

the PDF data and electronic data are consistent.
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11.0 PERFORMANCE AND SYSTEM AUDITS

Performance and system audits will be performed periodically to ensure that work is being implemented
in accordance with the approved Project Plans and in an overall satisfactory manner. Such audits will be
performed by various personnel and will include evaluation of field, laboratory, data validation, and<data

reporting processes. Examples of pertinent audits are as follows:

. Performance and system audits of the laboratory will be performed regularly, in accordance with the
requirements of NJDEP (external, annual evaluation), by a Navy Contractor (internal, 18 month

cyclé), and in accordance with the Laboratory Quality Assurance Plan (internal, as specified).

o Data validators will review (on a timely basis) the chemical analytical data packages submitted by
the laboratory. The data validators will check that the data were obtained through use of an
approved methodology, that the appfopria_te level of QC effort and reporting was conducted, and
whether or not the results are in conformance with QC criteria. On the basis of these factors, the
data validator will generate a report describing data limitations, which will be reviewed internally by

the Data Validation Coordinator prior to submittal to the PM.

. A formal audit of the field sampling procedures may be conducted by the TINUS QAM or designee
in addition to the auditing that is an inherent part of the daily project activities. The purpose of this
audit would be to ensure that sample collection, handling, and shipping protocols, equipment
decontamination and field documentation procedures are being performed in accordance with the

approved Project Plans and SOPs.
. A sample tracking system, as further described in Section 4 of the QAPP, will be employed for all
environmental samples. This system will allow for early detection of errors made in the field or by

the laboratory so that necessary adjustments can be made while the field crew is mobilized.

" The PM will maintain contact with the FOL and Data Validation Coordinator to ensure that management

of the acquired data prbceeds in an organized and expeditious manner.
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12.0 PREVENTIVE MAINTENANCE PROCEDURES

Measuring ecjuipment used in environmental monitoring or analysis for the NWS Earle CEA Investigation
shall be maintained in accordance with the manufacturer's operation and maintenance manuals.
Equipment and instruments shall be calibrated in accordance with the procedures, and at the frequencies,
discussed in Section 7.0 (Calibration Procedures and Frequency). Preventive maintenance for laboratory

equipment is discussed in the remainder of this section.

12.1 LABORATORY INSTRUMENT PREVENTIVE MAINTENANCE

Proper maintenance of laboratory instruments and equipment is essential to ensuring their readiness
when needed. Maintenance intervals are established for each instrument based on manufacturer's
recommendations. All instruments must be labeled with a model number and serial number, and a
maintenance logbook must be maintained for each instrument. Personnel must be alert to the

maintenance status of the equipment they are using at all times.

12.1.1 Major Instruments

Table 12-1 provides a summary of preventive maintenance procedures typically performed for key
analytical instruments. Maintenance of key instruments is sometimes covered under service contracts
with external firms. These contracts provide for periodic routine maintenance to help guard against
unexpected instrument downtime. The contracts also provide for quick response for unscheduled service

calls when malfunctions are observed by the operator.

The use of manufacturer-recommended grades or better of supporting supplies and reagents is also a
form of preventive maintenance. For example, gases used in the various GC and metals instruments
should be of sufficient grade to minimize fouling of the instrument. The routine use of septa,
chromatographic columns, ferrules, atomic absorption furnace tubes, and other supporting supplies from

reputable manufacturers will assist in averting unnecessary periods of instrument downtime.

12.1.2 Refrigerators/Ovens

The temperatures of refrigerators used for sample storage and drying ovens will be monitored a minimum
of once daily. The acceptable range for refrigerator temperatures is 4°C +2°C. Required temperatures of
ovens will vary based on the analytical methods for which the ovens are used. The temperatures will be

recorded on temperature logs that contain the following information at a minimum:
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. Date
° Temperature

. Initials of person performing the check

Maintenance of the logs is typically the responsibility of the sample custodian. However, assignment of
responsibilities for temperature monitoring to specific personnel does not preclude the participation of
other laboratory personnel. If unusual temperature fluctuations are noted, it is the responsibility of the
observer to immediately ndtify the person in charge of the discrepancy before the condition of the

samples is compromised.

Unstable or fluctuating temperatures may be indicative of malfunctions in the cooling or heating system.
On the other hand, the instability may be due to frequent opening of the door. Regardless of the cause,
such an observation must be investigated, and modifications must be made to access procedures or

repairs to equipment must be made to prevent jeopardizing the integrity of the samples.
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TABLE 12-1

TYPICAL PREVENTIVE MAINTENANCE FOR KEY ANALYTICAL INSTRUMENTS

NWS EARLE, COLTS NECK, NEW JERSEY

Instrument Preventive Maintenance Maintenance
Frequency

GC Replace solvent washes and clean syringe. Daily.

Clip column, clean injection port, replace liner, and bake As required.
oven.

GC/MS Change pump oil. Every 6 months
Change septum. Clean injection port, replace liner, bake As needed
oven, check carrier gas, clean the ion source.

Clean source and rods, clean inside and outside of printer, As needed
general cleaning of instrument.
As needed
Service in accordance with manufacturer specifications
under the contractor maintenance agreement.
Replace solvent washes and clean syringe. Daily
lon Chromatograph | Replace pump seals. Annually.

! ubricate analytical pump motor.

Semi-annually.

Check chromatography module and all gas lines for leaks. Every run,
Clean conductivity detector cell electrodes, check cell Monthly.
calibration.
Replace bed supports, clean columns, clean membrane As needed.
suppressor, replace autosampler pipette tip. ,

ICP Change sample introduction tubing, clean nebulizer, clean As required.

spray chamber, clean torch, manual profile, and automatic
profile optics.
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‘ -13.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS
DATA PRECISION, ACCURACY, AND COMPLETENESS

The purpose of this section is to indicate the methods by which it will be ensured that the data collected
for this i'nvestigatioh coincide with the project objectives as specified in Section 2 of this QAPP.- The data
assessment will be conducted to evaluate analytical data quality via compliance with the QA objectives
addressed in Section 5.0 of this QAPP. Additionaliy, the data will be reviewed for indications of
interferences to results caused by sample matrices, cross contamination during sampling, cross

contamination in the laboratory, and sample preservation and storage anomalies.

The data validation process will be used to flag data with quality-indicators that fall outside the QC
acceptance limits. A summary of the data validation qualifiers for all project samples will be prepared.
This summary will include a list of chemicals identified as _‘lab‘oratory and/or field QC blank contaminants,
holding time exceedances, samples exhibiting field dup'iicate/replicate imprecision as well as affected
chemicals, rejected results and associated specific causes, and general causes of estimated results.
This summary will facilitate the preparation of a summary of the data validation results and completeness

assessment for inclusion in the report.

Compliance with the completeness objectives for laboratory measurements/data will be calculated
electronically via a database subroutine. Sections 13.1, 13.2, and 13.3 present equations to be used for
computing precision, accuracy, and completeness values, respectively. Section 13.4 presents additional

data quality considerations that will be evaluated after completion of data validation.

131 ACCURACY ASSESSMENT

As described in Sections 5.2.2 and 9.2, to assure the accuracy of the analytical procedures, a minimum of
1 of every 20 samples is spiked with a known amount of the analyte or analytes to be evaluated. The
spiked sample is then analyzed. The increase in concentration bf the analyte observed in the spiked
sample because df the .addition of a known quantity of the analyte compared to the reported value of the
same analyte in the unspiked sample determines the %R. Control charts are plotted by the laboratory for
each commonly analyzed Compouhd and kept on matrix-specific and analyte-specific bases. The %R for

a spiked sample is calculated according to the following formula:

Amount in Spiked Sample — Amount in Unspiked Sample
Known Amount Added

%R = X 100 %
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Section 9.2 also describes the use of surrogate spikes and LCSs as measures of accuracy. The %R fora

surrogate spike or LCS is calculated using the following formula:

Experimental Concentration
Known Amount Added

%R = X100%

13.2 PRECISION ASSESSMENT

As described in Sections 5.1.1 and 9.2, duplicate samples (for inorganic analyses) and MSD samples (for
organic analyses) are prepared and analyzed at a rhinimum frequency of 1 per every 20 environmental
samples. As addressed in Section 5.6, field duplicate samples will also be collected ét a minimum
frequency of 1 per 10 environmental samples. The RPD between the sample (or spike) and duplica{e {or

duplicate spike) is calculated using the following formula:

Amountin Sample 1- Amount in Sample 2

RPD = : :
0.5 (Amount in Sample 1+ Amount in Sample 2)

X 100%

13.3 . COMPLETENESS ASSESSMENT

As addressed in Section 4.3, completeness is the ratio of the number of valid sample results to the total
number of sample results expected to be obtained for the project as a whole. Following the completion of
the analytical testing and data validation, the percent completeness will be calculated using the following

equation:

(number of valid measurements)
(number of measurements planned

Completeness = x 100%

13.4 DATA ASSESSMENT

The laboratory data collected during the NWS Earle CEA Investigation will be used to meet the objectives
presented in Section 2 of this QAPP. The QC results associated with each analytical parameter (only
one) will be compared with the objectives presented in Sections 5.1 though 5.5 of this QAPP. Only data

deemed usable during data validation will be considered usable for quantitative purposes.
In addition, the data obtained will be both qualitatively and quantitatively assessed. The results of this

assessment will be presented in the NWS Earle CEA Investigation Report. Examples of issues to be

considered in the data assessment are as follows:
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e Were all samples obtained using the methodologies and SOPs specified in the SAP/QAPP?
e Were samples obtained from all sampling locations for all analyses specified in the SAP/QAPP?
e Were all laboratory analyses performed using the methodologies specified in the QAPP?

¢ Was all laboratory data validated as specified in the QAPP?

+ Do any analytical results exhibit elevated reporting limits? If s0, what are the causes and what overall

impact does this have on the data?

e Were any data points determined to be unusable (qualified as “R”) during the data validation

process? lf so, are these rejected data points critical in meeting the objectives of the project?

» Have suificient data of appropriate quality been generated to support the objectives described in
Section 2 of the QAPP?
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14.0 CORRECTIVE ACTION

Under the TINUS QA/QC program, it is required that any and all personnel noting conditions adverse to
quality report these conditions immediately to the PM and QAM. These patrties, in turn, are charged with
performing root-cause analyses and implementing appropriate corrective action in a timely manner. |t is
ultimately the responsibility of the QAM to document all findings and corrective actions taken and to

monitor the effectiveness of the corrective measures performed.

14.1 FIELD CORRECTIVE ACTION

Field nonconformances or conditions adverse to quality must be identified and corrected as quickly as
possible so that work integri'ty or product quality is not compromised. The need for corrective action may
arise based on deviations from Project Plans and procedures, adverse field conditions, or other
unforeseen circumstances. Corrective action needs may become apparent during the performance of

daily work tasks or as a consequence of internal or external field audits.

Corrective action may include resampling and may involve amending previously approved field
procedures. If warranted by the severity of the problem (e.g., if a change in the approved Project Plan
.documents or SOPs is required), the Navy will be notified in writing via a field task modification request
(FTMR), and Navy (in conjunction with USEPA Region H and NJDEP) approvals will be obtained. - The
FOL is responsible for initiating FTMRs; an FTMR will be initiated for all deviations from the Project Plan
documents, as applicable. An example of an FTMR is provided as Figure 14-1. Copies of all FTMRs will

be maintained with the on-site project planning documents and will be placed in the final evidence file.

Minor modifications to field activities such as a slight offset of a sampling location will be initiated at the
discretion of the FOL, subject to on-site approval by NWS Earle personnel. Approval for major
modifications (e.g., elimination of a sampling point) must be obtained via an FTMR.

14.2 LABORATORY CORRECTIVE ACTION

In general, laboratory corrective actions are warranted whenever an out-of-control event or potential out-
of-control event is noted. The specific corrective action taken depends on the specific analysis and the
nature of the event. Generally, the following occurrences alert laboratory personnel that corrective action

may be necessary:

) QC data are outside established warning or control limits.

) Method blank analyses yield concentrations of target analytes greater than acceptable levels.
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. Undesirable trends are detected in spike recoveries or in duplicate RPDs.

. There is an unexplained change in compound detection capability.

. Inquiries concerning data quality are received.

. Deficiencies are detected by laboratory QA staff audits or from performance evaluation sample test

results.

Corrective actions are typically documented for out-of-control situations on a corrective action form.
Using a corrective action form, any employee may notify the QA/QC Officer of a problem. The QA/QC
Officer generally initiates the corrective action by relating the problem to the appropriate Laboratory
Manager and/or Internal Coordinator, who then investigates or assigns responsibility for investigating the
problem and its cause. Once determined, an appropriate corrective action is approved by the QA/QC
Officer, its implementation is verified and documented on the corrective action form and it is further

documented through audits.

14.3 CORRECTIVE ACTION DURING DATA VALIDATION AND DATA ASSESSMENT

The need for corrective action may become apparent during data validation, interpretation, or
presentation activities or problems may be identified as a result of oversight findings. The performance of
rework, instituting a chan'ge in work procedures, or providing additional/refresher training are pOssibIe
corrective actions relevant ‘to data evaluation activities. The PM will be responsible for approving the

implementation of corrective action.
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FIELD TASK MODIFICATION REQUEST FORM

FTMR Number

Client Identification Project Number
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Description:

Reason for Change:

Recommended Disposition:

Field Operations Leader (Signature, if applicable)

Date
Disposition:
Project Manager (Signature, if required) Date

Distribution:

Program Manager
Quality Assurance Officer
Project Manager

Field Operations Leader

Others as required
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15.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT

N

QA reports to management will be provided in three primary formats during the course of the NWS Earle
CEA Investigation. Data validation letter reports will be prepared on a Sample Delivery Gi'oup-specific
basis and will summarize QA issues for the subcontract laboratory data. In addition, daily verbal reports
summarizing accomplishments and QA/QC issueé during the field investigation will be provided by the.
FOL. Finally, monthly progréss reports are provided by the PM to the Navy. In addition, a summary of
data validation qualifiers and a completeness assessment for all project samples will be included in the

CEA Investigation Report.

151 CONTENTS OF PROJECT QUALITY ASSURANCE REPORTS

The contents of the specific QA reports are as follows. The data validation reports address all major and
minor laboratory noncompliances as well as noted sample matrix effects. In the event that major
problems occur with the analytical laboratory (e.g., holding time exceedances or calibration
noncompliances, etc.), the Data Validation Coordinator will notify the PM, the Program Manager, and the
Laboratory Services Coordinator. Such notifications (if necessary) are typically provided via internal
memoranda and are placed in the project file. Such reports contain a summary of the noncompliance, a
synopsis of the impact on vindividual projects, and recommendations regarding corrective action and

compensational adjustments. Corrective actions are initiated at the program level. /

The FOL will provide the PM with daily reports via telephone regarding accomplishments, deviations from
the QAPP, upcoming activities, and a QA summary during the course of the field investigation. In
addition, monthly project review meetings are held for all active Navy CLEAN projects. Issues discussed
at the project review meetingb include all aspects of budget and schedule compliance and QA/QC
problems. The PM provides a monthly progress report to the Navy that addresses the project budget,
schedule,‘accomplishments, planned activities, required revisions of the QAPP, QA/QC issues, and

intended corrective actions.

15.2 INDIVIDUALS RECEIVING/REVIEWING QUALITY ASSURANCE REPORTS

Data validation QA Reports are provided to the PM for inclusion in the project files. In the event that
maijor problems are observed for a given laboratory, the Program Manager, Deputy Program Manager,
QAM, PM, and Laboratory Services Coordinator are provided with copies of the QA report. Weekly field
progress reports are provided to the PM by the FOL. Monthly progress reports are provided to the Navy
CLEAN Program Manager and the Navy CLEAN Contracting Officers Technical Representative.
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1.0. INTRODUCTION

This Health and Safety Plan (HASP) provides practices and procedures for Tetra Tech NUS, Iné. (TINUS)
and subcontractor personnel engaged in additional environmental investigation activities at the Naval
Weapons Station (NWS) Earle in Colts Neck, Monmouth County, New Jersey. This HASP must be used
in conjunction with the TINUS Health and Safety Guidance Manual. Both of these documents must be
present at the site during the performance of site activities. The Guidance Manual provides detailed
information pertaining to the HASP as well as applicable TINUS Standard Operating Procedures (SOPs).
This HASP and the contents of the Guidance Manual were developed to comply with the requirements
stipulated in 29 CFR 1910.120 (Occupational Safety and Health Administration's [OSHA's] Hazardous
Waste Operations and Emergency Response Standard); OSHA’s Construction Industry Standards, 29
CFR 1926; and NWS Earle procedures and protocol, as they may apply.

This HASP has been developed using the latest available information regarding known or suspected
chemical contaminants and potential physical hazards associated with the proposed work at the site. The
HASP will be modified if new information becomes available. All changes to the HASP will be made with
the approval of the TtNUS Project Health and Safety Officer (PHSO) and the TtNUS Health and Safety
Manager (HSM). Requests for modifications to the HASP will be directed to the PHSO, who will
determine if the changes are necessary. The PHSO will notify the Project Manager (PM), who will notify

affected personnel of changes.

1.1 KEY PROJECT PERSONNEL AND ORGANIZATION

This section defines responsibility for site safety and health for TINUS and subcontractor employees
engaged in onsite activities. Personnel assigned to these positipns will exercise the primary responsibility
for onsite health and safety. These persons will be the primary point of contact for questions regarding the
safety and health procedures and the selected control measures that are to be implemented for onsite

activities.

e The TtNUS PM is responsible for the overall direction of health and safety for this project.
+ The PHSO is responsible for developing this HASP in accordance with applicable OSHA regulations.

Specific responsibilities include:
i. Providing information regarding site contaminants and physical hazards associated with the site.

ii. Establishing air monitoring and decontamination procedures.

iii. Assigning personal protective equipment (PPE) based on task and potential hazards.
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Determining emergency response procedures and emergency contacts.

Stipulating training requirements and reviewing appropriate training and medical surveillance

_ cerntificates.

Vi.

vi.

Providing standard work practices to minimize potential injuries and exposures associated with
hazardous waste work.

Modify this HASP, as it becomes necessary.

The TtNUS Field Operations Leader (FOL) is responsible for implementation of the HASP with the

assistance of an appointed Site Safety Officer (5S0). The FOL manages field activities, executes the

Work Plan, and enforces safety procedures as applicable that plan.

The SSO supports site activities by advising the FOL on aspects of health and safety onsite. These

duties may include:

vi.

vii.

viii.

Coordinates health and safety activities with the FOL.

Selects, applies, inspects, and maintains PPE.

Establishes work zones and control points in areas of operation.

Implements air monitoring program for onsite activities.

Verifies training and medical clearance.of onsite personnel status in relation to site activities.
Implements Hazard Communication, Respiratory Protection Programs, and other associated
health and safety programs as they may apply to site activities.

Coordinates emergency services.

Provides site-specific training for onsite personnel.

Investigates accidents and injuries (see Attachment | - lliness/Injury Reporting Procedure and
Form) »

Provides input to the PHSO regarding the need to modify, this HASP, or applicable health and

safety associated documents as per site-specific requirements.

Compliance with the requirements stipulated in this HASP is monitored by the SSO and coordinated
through the TINUS HSM.
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1.2 SITE INFORMATION AND PERSONNEL ASSIGNMENTS
Site Name: NWS Earle Address: 201Highway 34 South Colts Neck, NJ
EFANE RPM: Michele DiGeambeardino . Phone Number: (610) 595-0567 (Ext. 117)
Site Contact:_Alicia Harman Phone Number: (732) 866-2060

Scheduled Activities: Site activities that will be addressed in this HASP include geophysical, surveying,
installation of monitoring wells via hollow stem auger technigues, and sampling of installed and existing
wells to confirm the absence of contamination in groundwater at Site 13 (OU-5), and surveying activities.
Further details on these and other site tasks are in Section 4 of this HASP.

Dates of scheduled activities: Site_activities will begin in the Fall of 2004.

Project Team:

TtNUS Management Personnel: Discipline/Tasks Assigned:

Daniel C. Witt, P.E. Project Manager

TBA Field Operations Leader (FOL)

TBA Project Geologist

Matthew M. Soltis, CIH, CSP Health and Safety Manager

Donald J. Westerhoff, CSP Project Health and Safety Officer (PHSO)
TBA Site Safety Officer (SSO)

Other Potential TtNUS Project Personnel:

Tom Patton : Equipment Manager
Non-TtNUS Personnel Affiliation/Discipline/Tasks Assigned
TBA ' Drilling contractor
TBA Analytical Laboratory
TBA Surveying contractor

Hazard Assessment (for purpose of 29 CFR 1910.132) for HASP preparation has been conducted by:
Donald J. Westerhoff, CSP
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2.0 EMERGENCY ACTION PLAN

21 INTRODUCTION

This section is to direct and guide field personnel in the event of an emergency. All site activities are
coordinated with the client contacts. In the event of an onsite emergency, personnel will evacuate to a
safe place of refuge and notify the NWS Earle Emergency Coordinator who is the Fire Chief. The NWS
Earle emergency staff will coordinate on-site activities. They are the only authorized emergency
responders who provide service in emergency situations. TtNUS and subcontractor personnel will notify
the NWS Earle Emergency Dispatcher and only provide initial or incipient stage emergency response
measures. Workers who are ill or who have suffered a non-serious injury may be transported by site
personnel to nearby medical facilities, provided that such transport does not aggravate or further endanger
the welfare of the injured or ill person. The NWS Earle emergency response agencies listed in this plan
are fully capabile of providing' the most effective response, and as such, are designated as the primary
responders. These agencies are located within a reasonable distance from the area of site operations,
which ensures adequate emergency response time. The TtNUS Project Manager and HSM are to be
notified in the event of an onsite incident. This Emergency Action Plan conforms to the requirements of
29 CFR 1910.38(a), as allowed in 29 CFR 1910.120(1)(1)(ii).

TtNUS will, through necessary services, provide the following emergency action measures:

+ Incipient stage fire-fighting support and prevention

» Incipient spill control and containment measures and prevention

» Removal of personnel from emergency situations

o Initial medical support for injuries or ilinesses requiring basic first aid

» Site control and security measures as necessary

2.2 PRE-EMERGENCY PLANNING

Through the initial hazard/risk assessment effort, emergencies resulting from chemical, physical, or fire

hazards are the types of emergencies that could be encountered during site activities.
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To minimize and eliminate the potential for these emergency situations, pre-emergency planning activities

will include the following (which are the responsibility of the SSO and/or the FOL):

» Coordinating with local Emergency Response personnel to ensure that TTNUS emergency action
activities are compatible with existing emergency response procedures. NWS Earle Fire Protection
and Emergency Services will be notified about scheduled events and activities. This is most
imperative in situations where their services may be required.

¢ Establishing and maintaining information at the proje‘ct staging area (support zone) for easy access in
the event of an emergency. This information will include the following:

~ Chemical inventory (of chemicals used onsite), with Material Safety Data Sheets (MSDSs).
— Onsite personnel medical records (Medical Data Sheets).

-~ Alog book identifying personnel onsite each day.

— Hospital route map with directions (these should also be placed in each site vehicle).

— Emergency notification - phone numbers.
The TtNUS FOL will be responsible for the following tasks:

¢ ldentifying a chain of command for emergency action.

» Educating site workers to the hazards and control measures associated with planned activities at the
site, and providing early recognition and prevention, where possible.

+ Periodically performing practice drills to ensure site workers are familiar with incidental response
measures.

* Providing the necessary equipment to safely accomplish identified tasks.

23 EMERGENCY RECOGNITION AND PREVENTION

2.3.1 Recognition

Emergency situations that may be encountered during site activities will generally be recognized by visual
observation. Visual observation is primarily relevant for physical hazards that may be associated with the
proposed scope of work. Visual observation will also play a role in detecting some chemical hazards. To
adequately recognize chemical exposures, site personnel must have a clear knowledge of signs and
symptoms of exposure associated with site contaminants. This information is provided in Table 6-1.
Tasks to be performed at the site, potential hazards associated with those tasks, and the recommended
control methods are discussed in detail in Sections 5.0 and 6.0. Additionally, early recognition of hazards

will be supported by daily site surveys to eliminate a situation predisposed to an emergency. The FOL
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and/or the SSO will be responsible for performing surveys of work areas before initiating site operations
and periodically while operations are being conducted. Findings will be documented by the FOL and/or
the SSO in the Site Health and Safety logbook; however, site personnel will be responsible for reporting
hazardous situations. Where potential hazards exist, TtNUS will initiate control measures to prevent

adverse effects to human health and the environment.

The above actions will provide early recognition for potential emergency situations and allow TtNUS to
initiate necessary control measures. However, if the FOL and the SSO determine that control measures
are not sufficient to eliminate the hazard, TtNUS will withdraw from the site and notify the appropriate

response agencies listed in Table 2-1.

2.3.2 Prevention

TINUS and subcontractor personnel will minimize the potential for emergencies by following the Health
and Safety Guidance Manual and ensuring compliance with the HASP and applicable OSHA regulations.
Daily site surveys of the work areas will also assist in the prevention of iliness/injuries by identifying
potential hazards and initiating appropriate control measures. The FOL or SSO will conduct these surveys

at the beginning of each workday.

24 EVACUATION ROUTES, PROCEDURES, AND PLACES OF REFUGE

An evacuation will be initiated whenever recommended hazard controls are insufficient to protect the
health, safety, or welfare of site workers. Specific examples of conditions that may initiate an evacuation
include, but are not limited to, the following: severe weather conditions; fire or explosion; monitoring_
instrumentation readings that indicate levels of contamination are greater than established action levels;

and evidence of personnel overexposure to potential site contaminants.

In the event of an emergency requiring evacuation, personnel will immediately stop activities and report to
the designated safe place of refuge unless doing so would pose additional risks. When evacuation to the
primary place of refuge is not possible, personnel will proceed to a designated alternate location and
“remain until further notification from the TtINUS FOL. Other safe places of refuge will be identified before
the commencement of site activities by the SSO and will be conveyed to personnel as part of the pre-
activities training session. This information will be reiterated during daily safety meetings. Whenever
possible, the safe place of refuge will also serve as the telephone communications point for that area.
During an evacuation, personnel will remain at the refuge location until directed otherwise by the TINUS

FOL or the On-scene Incident Commander. The FOL or the SSO will perform a head count at this
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location to account for and to confirm the location of site personnel. Emergency response personnel will
be immediately notified of unaccounted personnel. The SSO will document the names of personnel onsite
(on a daily basis) in the site Health and Safety Logbook. This information will be used to perform the head

count in the event of an emergency.

Evacuation procedures will be discussed during the pre-activities training session before the initiation of
project tasks. Evacuation routes from the site and safe places of refuge are dependent on the location at
which work is being performed and the circumstances under which an evacuation is required.
Additionally, site location and meteorological conditions (i.e., wind speed and direction) méy dictate
evacuation routes. As a result, assembly points will be selected and communicated to the workers relative
to the site location where work is being performed. Evacuation should always take place in an upwind

direction from the site.

25 EMERGENCY ALERTING AND ACTION/RESPONSE PROCEDURES

TtNUS personnel will work in close proximity at NWS Earle. As a result, hand signals, voice commands,
and line-of-site communication will be sufficient to alert site personnel of an emergency. When project
tasks are performed simultaneously on different sites, cell phones or air/vehicle horns will be used to
_communicate emergency situations. |f an emergency warranting evacuation occurs, the following

procedures are to be initiated:

« Initiate the evacuation via hand signals, voice commands, line-of-site communication, cell phones or

air/vehicle horns. The following signals shall be used when communication via air/vehicle horn is

necessary:
HELP three short blasts P
EVACUATION three long blasts --

* Report to the designated refuge point.
* Once nonessential personnel are evacuated, appropriate response procedures will be enacted to
control the situation.

* Give the FOL (FOL will serve as the Incident Coordinator) pertinent incident details.

TtNUS personnel will perform removal of personnel from emergency situations and may provide initial

medical support for injuries/ilinesses requiring only first aid level support. Medical attention above that
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level will require assistance and support form the designated emergency response agency. Attachment |
provides the procedure to follow when reporting an injury/iliness and the form to be used for this purpose.

If the emergency involves exposures to chemicals, follow the steps provided in Figure 2-2.

In the event that site personnel cannot mitigate the hazardous situation, the FOL and/or SSO, will enact

emergency notification procedures to secure additional assistance in the following manner:

Dial the NWS Earle Emergency Center immediately and then call other pertinent emergency contacts
listed in Table 2-1 to report the incident. Give the emergency operator the location of the emergency, the
type of emergency, the number of personnel injured, and a brief description of the incident. Stay on the
phone and follow the instructions given by the operator. The operator will then notify and dispatch the

proper emergency response agencies.

2.6 EMERGENCY CONTACTS

Before initiating field activities, personnel will be thoroughly briefed on the emergency procedures to be
followed in the event of an accident. Table 2-1 provides a list of emergency contacts and their associated
telephone numbers. This table must be posted where it is readily available to site personnel. Facility

maps should also be posted showing potential evacuation routes and designated meeting areas
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TABLE 2-1

EMERGENCY REFERENCE
NWS EARLE, NEW JERSEY

2911
or

(732) 866-2911
Fire Department, NWS Earlé (732) 866-2333
Security, NWS Earle (732) 866-2291
NWS Earle, UXO Support (Chief Winkle) (732) 866-2009
Riverview Medical Center (732) 741-2700
New Jersey Poison Control Center (800) 962-1253
New Jersey One Call (Underground Utility Locator) (800) 272-1000
National Response Center (800) 424-8802
Chemtrec | (800) 424-9300
NWS Earle Base Contact — Alicia Hartman (732) 866-2060
EFANE RPM — Michele DiGeambeardino (610) 595-0567 ext. 117
TtNUS Project Manager — Dan Witt, P.E. (412) 921- 8259
Health and Safety Ménager - Matthew M. Soltis, CIH, CSP (412) 921-8912
Project Health and Safety Officer — Donald J. Westerhoff, CSP (412) 921-7281
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27 EMERGENCY ROUTE TO HOSPITAL

Riverview Medical Center; 1 Riverview Plaza, Red Bank, New Jersey 07701

Directions from Mainside Base:

Turn Route 34 north to County Road @. At the “T” turn right onto Swimming River Road. Make a left onto
Sycamore Avenue. In Shrewsbury, turn left on to Broad Street. Make a right onto Front Street and an
immediate left onto Wharf Avenue. @The hospital is on the right. ‘

FIGURE 2-1
ROUTE MAP FROM MAIN SIDE NWS EARLE TO RIVERSIDE MEDICAL CENTER

FULL ROUTE DESTINATION

5 il
e ¢ PR AL TSN ES IEDES
Q2000 MapQuest.com, Inc.; ©2000 Navigation Technolbgie:

ion Techno qie!
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| FIGURE 2-1A
ROUTE MAP FROM WATERFRONT NWS EARLE TO RIVERSIDE MEDICAL CENTER

Directions from the Waterfront:

Take Normandy Road south. @ Make the first left onto Sleepy Hollow Road. At the “T” turn right onto
Chapel Hill Road. Turn left onto Route 35. After crossing Cooper's Bridge, make a left onto Front Street.

After crossing Maple, take the second left onto Wharf Avenue. @ Riverview Hospital is on the right.

FULL ROUTE Destination

A D
m, in

- o o A o A Roa o
©2000 MapQuest.com, Inc.; ©2000 Navigation Technologie ©2000 MapQuest.co c.; ©2000 Navigation Technobgia
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2.8 DECONTAMINATION PROCEDURES / EMERGENCY MEDICAL TREATMENT

During a site evacuation, decontamination procedures will be performed only if doing so does not further
jeopardize the welfare of site workers. Decontamination will not be performed if the incident warrants
immediate evacuation. However, it is unlikely that an evacuation would occur that would require workers

to evacuate the site without first performing the necessary decontamination procedures.
2.9 INJURY/ILLNESS REPORTING

If TINUS personnel are injured or develop an illness as a result of working on site, the TtNUS
“Injury/lliness Procedure” (Attachment I) must be followed. Following this procedure it is necessary for
documenting the information obtained at the time of the incident.

Pertinent information regarding allergies to medications or other special conditions will be provided to
medical services personnel. This information is listed on Medical Data Sheets filed onsite. If an exposure
to hazardous materials has occurred, provide information on the chemical, physical, and toxicological

properties of the subject chemical(s) to medical service personnel.

2.10 PPE AND EMERGENCY EQUIPMENT

PPE normally available for the project will also be available for use in case of an emergency or spill

incident.

A first aid kit, eye wash units, and fire extinguishers will be maintained on-site and shall be immediately

available for use in case of an emergency.
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FIGURE 2-2
EMERGENCY RESPONSE PROTOCOL

The purpose of this protocol is to provide guidance for the medical management of injury situations.

In the event of a personnel injury or accident:

Rescue, when necessary, employing proper equipment and methods.

Give attention to emergency health problems -- breathing, cardiac function, bleeding, and shock.

Transfer the victim to the medical facility designated in this HASP by suitable and appropriate

conveyance (i.e. ambulance for serious events)

Obtain as much exposure history as possible (a Potential Exposure report is attached).

If the injured person is a Tetra Tech NUS employee, call the medical facility and advise them that the

patient(s) is/are being sent. and that they can anticipat-e a call from the WorkCare physician.

WorkCare will contact the medical facility and request specific testing which may be appropriate.

WorkCare physicians will monitor the care of the victim. Site officers and personnel should not

attempt to get this information, as this activity leads to confusion and misunderstanding.

Call WorkCare at 1-800-455-6155 enter Extension 109, or follow the voice prompt for after hours and

weekend notification, and be prepared to provide:

— Any known information about the nature of the injury.

—  As much of the exposure history as was feasible to determine in the time allowed.

— Name and phone number of the medical facility to which the victim(s) has/have been taken.

~ Name(s) of the invoived Tetra Tech NUS, Inc. employee(s).

— Name and phone number of an informed site officer who will be responsible for further
investigations.

— Fax appropriate information to WorkCare at (714) 456-2154.

Contact Corporate Heaith and Safety Department (Matt Soltis) at 1-800-245-2730.

Contact the Human Resources Manager (Marilyn Duffy) at 1-800-245-2730.

As data is gathered and the scenario becomes more clearly defined, this information should be forwarded
to WorkCare.

WorkCare will compile the results of data and provide a summary report of the incident. A copy of this

report will be placed in each victim’s medical file in addition to being distributed to appropriately designated

company officials.

Each involved worker will receive a letter describing the incident but deleting personal or individual

comments. A personalized letter describing the individual findings/results will accompany this generalized

summary. A copy of the personal létter will be filed in the continuing medical file maintained by WorkCare.

2-10 CTO 0851



Name:

Rev.1
August 2004

FIGURE 2-2 (continued)
WORKCARE
POTENTIAL EXPOSURE REPORT

Date of Exposure:

Social Security No.: \ Age: Sex:

Client Contact: Phone No.:

Company Name:

Iv.

Exposing Agent
Name of Product or Chemicals (if known)

Characteristics (if the name is not known)
Solid Liquid Gas Fume Mist Vapor

Dose Determinants

What was individual doing?
How long did individiial work in area before signs/symptoms developed?
Was protective gear being used? If yes, what was the PPE?
Was their skin contact?

Was the exposing agent inhaled?
Were other persons exposed? If yes, did they experience symptoms?

Signs and Symptoms (check off appropriate symptoms)

Immediately With Exposure:
Burning of eyes, nose, or throat Chest Tightness / Pressure
Tearing Nausea / Vomiting
Headache Dizziness
Cough Weakness
Shortness of Breath :

Delayed Symptoms:
Weakness Loss of Appetite
Nausea / Vomiting Abdominal Pain
Shortness of Breath Headache
Cough : Numbness / Tingling

Present Status of Symptoms (check off appropriate symptoms)

Burning of eyes, nose, or throat Nausea / Vomiting
Tearing Dizziness
Headache Weakness
Cough Loss of Appetite
Shortness of Breath Abdominal Pain
Chest Tightness / Pressure Numbness / Tingling
Cyanosis

Have symptoms: (please check off appropriate response and give duration of symptoms)
Improved: Worsened: Remained Unchanged:

Treatment of Symptoms (check off appropriate response)
None: Self-Medicated: Physician Treated:
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3.0 SITE BACKGROUND

3.1 SITE HISTORY AND LOCATION

The NWS Earle is located in the east-central coastal region of Monmouth County in Colts Neck, New
Jersey, approximately 35 miles south of New York City and 70 miles northeast of Philadelphia. It is
situated on approximately 11,134 acres and includes a Mainside area, which is approximately 10 miles inland
from the Atlantic Ocean at Sandy Hook Bay, and a Waterfront area, which includes an ammunition depot and
associated piers. The Mainside and Waterfront areas are linked by a narrow tract of land that serves as a
right-of-way for a government road and railroad.

The main entrance to NWS Earle is located off State Route 34, and fhe entrance to the Waterfront area is
located adjacent to State Route 36.

The majority of the land at the Mainside area is undeveloped land associated with ordnance operations,
production, and storage facilities; the undeveloped land is encumbered by explosive safety quantity distance
(ESQD) arcs. Land use at the Mainside facility includes residences, office buildings, workshops and
warehouses, recreational areas, open space, and undeveloped land. The area around the Mainside facility
includes agricultural areas, vacant land, and low-density residential land.

3.1.1 Site 13

~ Site 13 is located at least partially within ESQD arcs. Therefore, future development at this site is severely
restricted. The DPDO Yard is an area of fill material extending into a marsh near the rail classification yards.
Activities at the site included storage of scrap metals and batteries and the burial of material, such as cars,
trucks, electronic equipment, clothing/shoes, sheet metal, furniture, scrap metal, and batteries. Additionally,
batteries were broken open at the site for lead recovery, and acid was drained onto the ground. Since the
primary function of this site was scrap metal storage, it is unlikely that any unexploded ordnance (UXO)
would be present in the fill material, however, ordinance “shapes” have been encountered at this site during
previous intrusive activities. Ordnance handling only occurs within specifically designated areas of NWS
Earle. Obvious fill material is present at the ground surface at several places across the site. A partial ‘
removal of exposed debris was performed by NWS Earle public works employees in the summer of 1997.

NWS Earle is located in the coastal lowlands of Monmouth County, New Jersey, within the Atlantic Coastal
Plain Physiographic Province. The Mainside area, which includes Site 13, lies in the outer Coastal Plain,
approximately 10 miles inland from the Atlantic Ocean. The Mainside area is relatively flat, with elevations
ranging from approximately 100 to 300 feet above mean sea level (MSL). The most significant topographic
" relief within the Mainside area is Hominy Hills, a northeast-southwest-trending group of low hills located near
the center of NWS Earle.

3-1 CTO 0851



Rev.1
August 2004

4.0 SCOPE OF WORK

This section describes the project tasks that will be performed at NWS Earle. Additionally, each task has

been evaluated and the associated hazards and recommended control measures are listed in Table 5-1 of

this HASP. If new tasks are to be performed at the site, Table 5-1 and this section will be modified

accordingly.

The following is a list of activities that are proposed for the investigation:

Mobilization and demobilization — These tasks include the procurement and shipping of equipment
and materials for the field investigation; review of planning documents; site reconnaissance (site
characterization, site preparation, layout of sampling locations, obtaining necessary utility clearances,
isolation physical hazards, etc.)

Soil boring and groundwater sampling activities (using hollow stem auger techniques) — 10 monitoring
wells will be installed in the wetland area to define the down gradient edge of contamination. It is
anticipated that based on quick turnaround analysis of groundwater sampling results six of these wells
will be kept and permanent caskings will be installed. The other 4 wells will be abandoned.
Groundwater sampling of six existing monitoring wells

Decontamination of sampling énd heavy equipment — Heavy equipment (drill rig) will be cleaned and
decontaminated with high-pressure wash (pressure washer). Sampling equipment (split spoon,
trowels, etc.) will be decontaminated with soap (liquinox or equivalent) and water and allowed to air
dry.

Geographic Surveying — Ground surface topography, physical features, and point survey of the soil

boring locations.

If additional tasks are determined to be necessary, this HASP will be amended and a hazard evaluation of

the additional tasks will be performed.
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5.0 TASKS/HAZARDS/ASSOCIATED CONTROL MEASURES

Table 5-1 of this section serves as the primary portion of the site-specific HASP that identifies the tasks
that are to be performed as part of the scope of wbrk. This table will be modified and incorporated into
this document as new or additional tasks are performed at the site. The anticipated hazards,
recommended control measures, air-monitoring recommendations, required PPE, and decontamination
measures for each site task are discussed in detail. This table and the associated control measures shall

be changed if the scope of work, contaminants of concern, or other conditions change.

Through using the table, site personnel can determine which hazards are associated with each task and at
each site, and what associated control measures are necessary to minimize potential exposure or injuries
related to those hazards. The table also assists field team members in determining which PPE and
decontamination procedures to use based on proper air monitoring techniques and site-specific

conditions.

The TtNUS Health and Safety Guidance Manual supports this table and HASP. The guidance manual
further explains supporting programs and elements for other site-specific aspects as required by 29 CFR
1910.120. The Guidance Manual should be reterenced for additional information regarding air monitoring
instrumentation, decontamination activities, emergency response, hazard assessments, hazard
communication and hearing conservation programs, medical surveillance, PPE, respiratory protection, site
control measures, standard work practices, and training requirements. Numerous TtNUS SOPs are also

provided in the Guidance Manual.

Safe Work Permits issued for exclusion zone activities (See Section 10.10 and Attachment V) wiil use
~ elements defined in Table 5-1 as its primary reference. The FOL and/or the SSO completing the Safe
Work Permit will add additional site-specific information. In situations in which. the Safe Work Permit is
more conservative than the direction provided in Table 5-1 due to the incorporation of site-spécific
elements, the Safe Work Permit will be followed. Attachment VI is the "Standard Operating Procedures
for Unexploded Ordnance Avoidance Operations.” Additional site-specific information will be added to the
Safe Work Permit by the FOL and/or the SSO. '

5.1 GENERAL SAFE WORK PRACTICES

In addition to the task-specific work practices identified on Table 5-1 general safe work practices should

be followed when conducting work involving known and unknown site hazards. These safe work practices
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establish a pattern of general precautions and measures for reducing risks associated with hazardous site

operations.

5.2

Refrain from eating, drinking, chewing gum or tobacco, taking medication, or smoking in contaminated
or potentially contaminated areas or where the possibility for the transfer of contamination exists.
Wash hands and face thoroughly upon leaving a contaminated or suspected contaminated area. A
thorough shower and washing must be conducted as soon as possible if excessive skin contamination
occurs.

Avoid contact with potentiailly contaminated substances by walking around puddles, pools, mud, or

other such areas. Avoid, whenever possible, kneeling on the ground or leaning or sitting on

equipment.
Be aware of the location of the nearest telephone and the emergency telephone numbers. See
Section 2.0, Table 2-1.

Rehearse unfamiliar operations prior to implementation.

Maintain visual contact with each other and with other on-site team members by remaining in close

proximity in order to assist each other in case of emergency.

Establish appropriate safety zones including support, contamination reduction, and exclusion zones.
Minimize the number of personnel and equipment in contaminated areas (such as the exclusion
zone). Non-essential vehicles and equipment should remain within the Support Zone.

Establish appropriate decontamination procedures for leaving the site.

Observe coworkers for signs of toxic exposure and heat stress. Inform co-workers of potential
symptoms of illness, such as headaches, dizziness, nausea, or blurred vision.

Whenever possible, stand upwind from an operating drill rig.

Establish hand signais with the drill rig operator.

Work areas must be kept free of ground clutter.

When in operation, personnel will remain more than three feet from the boom.

DRILLING OPERATIONS - SAFE WORK PRACTICES

The following Safe Work Practices are to be followed when working in or around drill rigs.

5.21 Before Drilling Operations

identify all underground utilities and buried structures-before drilling. Use the Utility Locating and
Excavation Clearance Standard Operating Procedure provided in Attachment ll. See notes for the

time lines required on and off-Base utility clearances under mobilization/demobilization Section 4.1.
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All drilling rigs will be inspected by the SSO (or designee), prior to the acceptance of the equipment at
the site and prior to the use of the equipment. All repairs or deficiencies identified will be corrected
prior to use. The inspection will be accomplished using the Equipment Inspection Checklist provided

in Attachment lll. Inspection frequencies will be once every 10 day shift or following repairs.

The work area around the point of operation will be graded to the extent possible to remove any trip

hazards near or surrounding operating equipment.

The driller’s helper will establish an equipment staging and lay-down plan. The purpose of this is to
keep the work area clear of clutter and slips, trips, and fall hazards. Mechanisms to secure heavy
objects such as auger flights will be provided to avoid the collapse stacked eqmpment

Potentially contaminated tooling will be wrapped in polyethylene sheeting for storage and transport to

the centrally located decontamination unit.

5.2.2 During Drilling Operations

Verbally alert workers and visually check to make sure personnel are away from moving parts or are

in a safe location prior to starting drilling operations.

Assign one individual (drill rig operator) who is responsible for manning the emergency shut off device

at all times and communicate this person to the entire field crew,
Minimize contact to the extent possible with contaminated tooling and environmental media.

Support functions (sampling and screening stations) will be maintained a minimum distance from the
drilling rig of the height' of the mast plus five feet to remove these activities from within physical hazard
boundaries.

Only qualified operators and knowledgeable ground crew personnel will participate in the operation of
the drill rig. Al drill rig operators will be instructed in the location and operation of emergency stop

buttons, switches or other devices and these shall in good operating condition and inspected daily.

- In order to minimize contact with potentially contaminated tooling and media and to minimize lifting

hazards, multiple personnel should move heavy tooling, where necessary.
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Only personnel absolutely essential to the work activity will be allowed in the exclusion zone. Site
visitors will be escorted at all times.

5.2.3 After Drilling Operations

All equipment used within the exclusion zone will undergo a complete decontamination and evaluation
by the SSO to determined cleanliness prior to moving to the next location, exiting the site, or prior to
down time for maintenance. '

All motorized equipment will be fueled prior to the commencement of the day’s activities. During
fueling operations all equipment will be shutdown and bonded to the fuel provider.

When not in use all drill rigs will be shutdown, emergency brakes set, and wheels chocked.
All areas subjected to subsurface investigative methods will be restored to equal or better condition
than original to remove any contamination brought to the surface and to remove any physical hazards.

In situations where these hazards cannot be removed these areas will be barricaded to minimize the
impact on field crews working in the area. ‘

5-4 . CTO 0851



Mobilization/
Demobilization

Chemical hazards:

1) Exposure to potential site
contaminants is not anticipated during this
activity. However, chemicals brought on
site in support of field activities are to be
identified, logged, accompanied by an
appropriate MSDS, properly stored, and
evaluated for purposes of hazard
communication.

Physical hazards:

Potential physical hazards associated with
this task may include:

2) Lifting (muscle strains and pulls)
3) Pinches and compressions

4) Slip, trips, and falls

5) Vehicular and foot traffic

Chemical hazards:

1) To eliminate potential chemical hazards associated with this task ensure the
following:

- A chemical inventory list is generated for all chemicals brought on site (Complete
Section 5.0 of the Health and Safety Guidance Manual).

- Material Safety Data Sheets must be available for all chemicals brought on site
(Complete Section 5.0 of the Health and Safety Guidance Manual).

- Materials are stored in accordance with recommended practices and according
to compatibility (See MSDS for storage and compatibility recommendations).

Physical hazards:

2) Use machinery or multiple personne! for heavy lifts.

- Use proper lifting techniques.

3) Keep any machine guarding in place. Avoid moving parts. Use tools or
equipment where necessary to avoid contacting pinch points.

4) Preview and prepare work locations where unstable/uneven terrain exists.
5) Identify all access/egress routes and locations to within established areas of
operation.

- All equipment capable of self-propelied movement will be equipped with
movement alarms as applicable.

- Traffic regulations for NWS Earle are to be followed as posted.

Mobilization/demobilization activities is intended to initiate and proceed
in Level D protection:

Level D - (Minimum Requirements) .

- Standard field attire (Sleeved shirt; long pants; or coveralls)

- Safety shoes or boots with steel toe

- Safety glasses

- Hardhat (when overhead hazards exists, or identified as an operation
requirement)

- Hearing protection for high noise areas, or as directed on an operation
by operation scenario. As a general rule of thumb, if you need to raise
your voice to be heard while engaged in conversation with someone
who is within 2 feet of your position, you may be exposed o excessive
noise levels and should use hearing protection.

Note: The Safe Work Permit(s) for this task (see Attachment IV) will be
issued at the beginning of each day to address the tasks planned for
that day. As part of this task, additional PPE may be assigned to reflect
site-specific conditions or special considerations or conditions
associated with any identified task.

TABLE 5-1
TASKS/HAZARDS/CONTROL MEASURES
NWS EARLE, COLTS NECK, NEW JERSEY
PAGE 1 OF 5

%

As potential site contaminants are not anticipated as
part of this task, personal decontamination is not
required.

All equipment arriving/leaving the site will be inspected
prior to permitting this equipment to enter or exit the
site. The SSO will inspect the equipment and give the
clearance to allow the equipment to pass. Failure to
pass inspection will prohibit entering or exiting the site
as applicable. All equipment that fails the inspection
will have to be decontaminated again to a level
acceptable to the SSO prior to passage on or off site.
All equipment permitted to pass on/off site will be
documented using an Equipment Inspection Checklist.
This form may be found in Attachment Il of this HASP.
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Groundwater sampling
aclivities

Chemical hazards:

1) Previous analytical data identified
various contaminants of concern
including chloroform and methylene
chloride and various metals in
groundwater at Site 13. Metals,
PCBs, various pesticides and VOCs
(primarily chlorinated solvents and
associated degradation products)
have been detected in adjacent areas
in sediments and surface waters, and
these areas are to avoided to the
greatest extent possible.

None of the contaminants of concern
have been previously detected at
concentrations that are likely to
present an inhalation exposure hazard
to site personnel. It should be noted
that historical information on Site 13
suggests that some potential exists
for encountering lead and battery
acids (from previous disposal
practices).

Further information on some of the
primary contaminants of concern is
presented in Figure 6-1.

2) Transfer of contaminants into clean
areas or onto persons

Physical hazards:

3) Lifting (muscle strains and pulis)
4) Pinches and compressions

5) Slip, trips, and falls

6) Noise hazards

Natural hazards:

7) Temperature extremes
8) Insect/animal bites and stings
9) Inclement weather

Chemical hazards:

1) Use real-time monitoring instrumentation, action levels, and identified
PPE to identify, quantify, and control exposures to potentially contaminated
media (e.g., air, water, soils).

2) Restrict the cross-use of equipment and supplies between sampling
locations without first going through a suitable decontamination.

Physical hazards:

3) Use machinery or multiple personnel for heavy lifts. Use proper lifting
techniques.

4) Keep any machine guarding in place. Avoid moving parts. Use tools
or equipment where necessary to avoid contacting pinch points.

- A remote sampling device must be used to sample drill cuttings near

rotating tools. The equipment operator shall shutdown machinery if the
sampler is near moving machinery parts.

5) Preview work locations for unstable/uneven terrain.

6) Use hearing protection when working in the vicinity of operating equipment
or other noise producing equipment.

Natural hazards:

7) Personnel must be aware of the conditions of heat/cold stress and take
appropriate preventive measures to prevent the illness. For example,
drink caffeine-free liquids to replace body fluids lost as a result of
sweating if working under hot conditions, take rest breaks in appropriate
areas (shaded if conditions are hot, and warm break areas if conditions
are cold). See Section 4 of the Tetra Tech NUS Health and Safety
Guidance Manual for additional information on heat stress and cold
stress.

8) Avoid nesting areas; Tape pant legs to work boots when in high brush
(knee high) (tick hazards); Use repeltents — follow manufacturer
instructions. Apply Permonone over clothing articles to avoid skin
irritation. Apply repellants containing DEET to skin areas. Application of
repellants should concentrate where ticks and other insects will gain entry.
Pant to boots, shirt to pants, collar; Perform close body inspections upon
exiting high brush areas to facilitate and remove ticks and other insects;
Report potential hazards to the SSO. Follow guidance presented in
Section 4.0 of the TINUS Health and Safety Guidance Manual and
Section 6.3 of this HASP.

9) All operations will be temporarily suspended during inclement weather’
(e.g., electrical storms, high winds, etc.) at SSO’s discretion.

VOCs

None of the contaminants of concern are anticipated to
be present at detectable airborne concentrations. Asa
result, the contaminants of concern are unlikely to
present a significant exposure potential to site workers,
particularly via inhalation. However, as a precautionary
measure, either an FID or a PID {with an 11.3 eV or higher
lamp strength) will be used as foliows:

1) Screen potential source areas (excavated soils) to
detect the presence of any VOCs. Elevated readings at a-
source area will require:

Worker breathing zones to be monitored to determine
airborne concentrations of VOCs that may oppose an
inhalation hazard to site workers. Any sustained (> 1
minute in duration) airbome concentration greater than 5.0
ppm in a worker breathing zone requires site activities to be
suspended and notification of the PHSO.

Dusts/Particulates

Observations of visible dust (approximately 2 mg/m®) will
require site personnel to employ dust suppression (area
wetting) methods if airborne dusts cannot be otherwise
avoided by moving site operations upwind or by
repositioning site equipment away from visible dust clouds.
This conservative action level will control potential
exposures to all site contaminants and nuisance
particulates.

All sampling activities are anticipated to proceed in Level D
protection as specified below:

Level D - (Minimum Requirements) For sampling activities:

- Standard field attire (Sleeved shirt; long pants)

- Safety shoes or boots (Steel toe)

- Safety glasses with side shields

- Nitrile gloves (Clean pair for each sampie location), layered if
necessary

- Hard-hat (when overhead hazards exists such as when working
around heavy equipment, or as identified as an operation
requirement)

- Reflective vest forhigh traffic areas or when working around
heavy equipment

- Hearing protection for high noise areas, or as directed on an
operation by operation scenario.

Note: The Safe Work Permit(s) for this task (see Attachment IV)
will be issued at the beginning of each day to address the tasks
planned for that day. As part of this task, additional PPE may be
assigned to reflect site-specific conditions or-special considerations
or conditions associated with any identified task.

TABLE 5-1
TASKS/HAZARDS/CONTROL MEASURES
NWS EARLE, COLTS NECK, NEW JERSEY
PAGE2OF5

T e,
Decontaminate sample containers in accordance
with the Field Sampling Plan / Work Plan.

Personnel decontamination:

- Equipment drop-off

- Wash and rinse reusable outer protective
garments (if applicable)

- Remove and dispose of disposable PPE

- Wash hands and face, leave contamination
reduction zone.

Equipment decontamination:

See Task - Decontamination of Sampling and
Heavy Equipment




TABLE 5-1

TASKS/HAZARDS/CONTROL MEASURES
NWS EARLE, COLTS NECK, NEW JERSEY
PAGE 3 OF 5

Soil Borings

Soil boring activities will
be performed using
hollow stem auger
techniques.

Chemical hazards:

1) Previous analytica! data identified the
presence of chloroform and methylene
chioride in low concentrations in
groundwater at Site 13. However, these
contaminants are not likely to be present in
airbome concentrations that would present
an inhalation exposure hazard to site
personnel. It should be noted that historical
information on Site 13 suggests that the
potential exists for encountering lead and
battery acids (from previous disposal
practices).

Further information on some of the primary
contaminants of concemn is presented in
Figure 6-1.

2) Transfer of contamination into clean
areas or onto clean persons.

Physical hazards:

3) Rotating machinery (entanglement)
4) Noise

5) Energized systems

6) Slips, trips, and falls

7) Pinch/compression

8) Ambient Temperature Extremes

Natural hazards:

9) Natural hazards (Insect/animal bites and
stings)

10) Inclement weather

Chemical hazards:

1) Use real-time monitoring instrumentation, action levels, identified PPE, and work practices to control
exposures to potentially contaminated media (air, water, soils, etc.).

2) Decontaminate all equipment and supplies between borings and prior to leaving the site.
Physical hazards:

3) All equipment to be used will be

- Inspected in accordance with Federal safety and transportation guidelines, OSHA (1926.600.601.602),
and manufacturer's design. Ali inspections will be documented using the Equipment inspection Checklist
found in Attachment 111 of this HASP. '

- Operated and supported by knowledgeable operators, and ground crew.

- Used within safe work zones, with routes of approach clearly demarcated. Ali personnel not directly
supporting this operation will remain at least 25 feet from the point of operation. This will be the area
identified as the exclusion zone.

In addition to equipment considerations, the following safe operating procedures will be incorporated:

- Hydraulic masts or other projecting devices shall be at least 20 feet from overhead power sources and a
minimum of 3 feet from underground utilities. '

- Hand signals will be established prior to the commencement of the operation.

- Only manufacturer-approved equipment may be used in conjunction with equipment repair procedures
(e.g., flight connectors).

- Work areas will be kept clear of clutter. )

- Secure all loose articles to avoid possible entanglement during coring activities.

- All self-propelied equipment shall be equipped with movement warning systems.

- Al personne! will be instructed in the location and operations of the emergency shut-off device(s). This
device will be tested initially (and then periodically) to ensure its operational status.

- Areas will be inspected prior to the movement of the drill rig and support vehicies to eliminate any
physical hazards. This will be the responsibility of the FOL and/or SSO.

- The drill rig and support vehicles will be moved no closer than 3 feet to unsupported side-walls of
excavations and embankments.

4) Hearing protection will- be used during all drill rig intrusive activities.

5) Al utifity clearances shall be obtained prior to any subsurface investigation. Prior to any subsurface
investigations, the locations of all underground utilities will be identified and marked. Follow the guidelines
established in Attachment Il (Utility Locating and Excavation Clearance SOP). The FOL will obtain written
permit clearance prior to all subsurface investigations.

6) Preview and prepare work locations where unstable/uneven terrain exists.

7) Keep machine guards in place. Avoid moving parts. Secure long clothing, hair, or jewelry that could be
entangled. ’

8) Personnel must be aware of the conditions of heat/cold stress and take appropriate preventive measures
to prevent the illness. For example, drink caffeine-free liquids to replace body fluids lost in sweating if
working under hot conditions, take rest breaks in appropriate areas (shaded if conditions are hot, and warm
break areas if conditions are cold). See Section 4 of the Tetra Tech NUS Health and Safety Guidance
Manual for additional information on heat stress and cold stress.

Natural hazards:

9) This activity may take place in remote locations where natural hazards are a concern. To control this
hazard:

- Preview all work areas to remove or barricade physical hazards or potential nesting areas.

- Clear sufficient area around the drill rig to permit unimpeded work.

- See Groundwater sampling task for direction on measures to minimize potentials for insect bites (see
also Attachment Vi, Tick Control and Lyme Disease).

-10) All operations will be temporarily suspended during electrical storms or other hazardous weather
conditions at the SSO's discretion.

VOCs

None of the contaminants of concern are
anticipated to be present at detectable airborne
concentrations. As a result, the contaminants of
concern are unlikely to present a significant
exposure potential to site workers, particularly
via inhalation. However, as a precautionary
measure, either an FID or a PID (withan 11.3 eV or
higher lamp strength) will be used as follows:

1) Screen potential source areas (excavated soils)
to detect the presence of any VOCs. Elevated
readings at a source area will require:

Worker breathing zones to be monitored to
determine airbome concentrations of VOCs that may
oppose an inhalation hazard to site workers. Any
sustained (> 1 minute in duration) airbome
concentration greater than 5.0 ppm in a worker
breathing zone requires site activities to be
suspended and notification of the PHSO.

Dusts/Particulates

Observations of visible dust (approximately 2 mg/m®)
will require site personnel to employ dust
suppression (area wetting) methods if airborne dusts
cannot be otherwise avoided by moving site
operations upwind or by repositioning site equipment
away from visible dust clouds. This conservative
action level will control potential exposures to all site
contaminants and nuisance particulates.

Where the utility clearance cannot be determined,
subsurface activities shall proceed with extreme
caution using hand digging to at least below the
frost-line depth (no less than 4 ft. BGS). Also, a
magnetometer must be used for periodic down-
hole surveys every 2 feet to a depth of at least 10
feet.

" All soil boring operations are to be

initiated in Level D protection.

Level D protection constitutes the
following minimum protection

- Standard field dress (long pants,
sleeved shirts)

- Steel-toe safety shoes or boots

- Nitrile gloves

- Hard-hat, safety glasses, and earplugs
or muffs.

- Tyvek coveralls will be worn if there is
a possibility of soiling work attire.

- Rubber boots for muddy conditions

Note: The Safe Work Pemit(s) for this
task (see Attachment IV) will be issued at
the beginning of each day to address the
tasks planned for that day. As part of this
task, additional PPE may be assigned to
reflect site-specific conditions or special
considerations or conditions associated
with any identified task.

Personnel Decontamination - Will consist of a
soap/water wash and rinse for outer protective
equipment (e.g. boots, gloves, etc.). This function
will take place at an area adjacent to the drilling
operations bordering the support zone.

This decontamination procedure for Level D
protection will consist of

- Equipment drop

- Remove and dispose of any disposable PPE
(Tyvek coveralls, outer gloves, etc.)

- Soap/water wash and rinse of reusable PPE items
(e.g., boots).

- Wash hands and face; leave contamination
reduction zone

Equipment Decontamination - All heavy
equipment decontamination will take place at Site
13 utilizing steam or pressure washers. Heavy
equipment will have the wheels and tires cleaned
along-with any loose debris removed, prior to
transporting to the central decontamination area.
All site vehicles will be restricted access to
exclusion zones, or also have their wheelsftires
sprayed off so as not to track mud onto the
roadways servicing this installation. Roadways
shall be cleared of any debris resulting from the
onsite activity.

All equipment used in the exclusion zone will
require @ complete decontamination between
locations and prior to removal from the site.

The FOL or the SSO will be responsible for
evaluating equipment arriving on site and prior to
leaving the site. No equipment will be authorized
access or exit without this inspection and
authorization. See Attachment Ill Equipment
Inspection Checklist.




Chemical hazards:

Exposure to potential site contaminants during
surveying activities is unlikely given the nature of
the work and the limited contact with potentially
contaminated media (soils, sediments, surface
water, etc.). To further reduce the potential for
exposure, site personnel performing these
activities will minimize contact with potentially
contaminated media and will avoid areas where
chemical hazards may exist.

Previous analytical data identified various
contaminants of concern including chloroform and
methylene chloride in groundwater, and metals,
PCBs, various pesticides and VOCs in sediments and
surface water. However, none of the contaminants of
concem were previously detected at concentrations
that are likely to present an inhalation exposure
hazard to site personnel. It should be noted that
historical information on Site' 13 suggests that the
potential exists for encountering lead and battery
acids (from previous disposal practices).

Physical hazards:

1) Slip, trips, and falls

Natural hazards:

2) Insect/animal bites and stings, poisonous plants

3) Inclement weather

4) Ambient Temperature Extremes

1) Prev

w work locations and site lines for uneven and unstable terrain.
Clear necessary vegetation and establish temporary means for traversing
hazardous terrain (e.g. rope ladders).

Natural hazards:

2) Avoid potential nesting areas of biting/stinging insects and animals. Use
commercially available insect repellents (Permanone on clothing and DEET
on skin). Avoid contact with poisonous vegetation. Wear appropriate
clothing. Tape ankle and wrists areas to prevent ticks, chiggers, etc. from
attaching themselves to your skin. Wear light-colored clothing so that ticks
and other biting insects can be easily visible and be removed. Follow
directions as specified in section 6.2 concerning natural hazards.

3) All operations will be temporarily suspended during electrical storms:

4) Personnel must be aware of the conditions of heat/cold stress and take
appropriate preventive measures to prevent the iliness. For example, drink
caffeine-free liquids to replace body fluids lost in sweating if working under
hot conditions, take rest breaks in appropriate areas (shaded if conditions
are hot, and warm break areas if conditions are cold). See Section 4 of the
Tetra Tech NUS Health and Safety Guidance Manual for additional
information on heat stress and cold stress.

No air monitoring is needed given that volatile
contaminants are not likely to be present during

these site activities. The potential for exposure to

site contaminants during this activity is
considered minimal.

Surveying activities shall be performed in Level
D protection

Level D Protection consists of the following:

- Standard field dress including sleeved shirt
and long pants

- Steel-toe work boots or shoes

- Safety glasses, hard hats (if working near
machinery or when eye/overhead hazards are
present) :

- Tyvek coveralls may be wom to provide
additional protection against poisonous plants
and insects, particularly ticks.

- Work gloves may be worn if desired.

- Snake chaps for heavily wooded area where
encounters are likely.

Note: The Safe Work Permit(s) for this task
(see Attachment IV) will be issued at the
beginning of each day to address the tasks
planned for that day. As part of this task,
additional PPE may be assigned to reflect site-
specific conditions or special considerations or
conditions associated with any identified task.
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Personnet Decontamination - A structured
decontamination is not required, as the likelihood of
encountering contaminated media is considered
remote. However, survey parties should inspect
themselves and one another for the presence of ticks
when exiting wooded areas, grassy fields, etc. This
action will be used to stop the transfer of these
insects into vehicles, homes, and offices.




Decontamination of Sampling and
Heavy Equipment

Chemical Hazards

1) Previous analytical data identified various
contaminants of concern including chloroform
and methylene chloride in groundwater, and
metals, PCBs, various pesticides and VOCs
in sediments and surface waters. However,
none of the contaminants of concern were
previously detected at concentrations that are
likely to present an inhalation exposure
hazard to site personnel. it should be noted
that historical information on Site 13 suggests
that the potential exists for encountering lead
and battery acids (from previous disposal
practices).

Further information on some of the primary
contaminants of concern is presented in
Figure 6-1.

2) Decontamination fluids - Liquinox
(detergent), acetone or isopropanol

Physical Hazards

3) Lifting (strain/muscle pulls)
4) Noise in excess of 85 dBA
5) Flying projectiles

6) Vehicular and foot traffic
7) Slips, trips, and falis
Natural Hazards

8) Ambient temperature extremes (heat
stress)

9) Inclement weather

10) insect/animal bites and stings, poisonous
plants '

1) and 2) Use protective equipment to minimize contact
with site contaminants and hazardous decontamination
fluids. Obtain manufacturer's MSDS for any
decontamination fluids used onsite. These must be
used in well-ventilated areas, such as outdoors. Use
appropriate PPE as identified on MSDS. All chemicals
used must be listed on the Chemical Inventory for the
site, and site activities must be consistent with the
Hazard Communication section of the Health and
Safety Guidance Manual (Section 5).

Physical hazards:

3) Use multiple persons where necessary for lifting
and handling sampling equipment for decontamination
purposes.

4) Wear hearing protection when operating pressure
washer.

5) Use eye and face protective equipment when
operating pressure washer. All other personnel must
be restricted from the area.

6) Traffic and equipment considerations are to include
the following:

- Establish safe zones of approach.

- All equipment shall be equipped with movement
waming systems.

- All activities are to be conducted consistent with the
Base requirements.

7) Preview work locations for unstable/uneven terrain.
Natural hazards:

8) Personnel must be aware of the conditions of
heat/cold stress and take appropriate preventive
measures to prevent the illness. For example, drink
caffeine-free liquids to replace body fluids lost in
sweating if working under hot conditions, take rest
breaks in appropriate areas (shaded if conditions are
hot, and warm break areas if conditions are cold). See
Section 4 of the Tetra Tech NUS Health and Safety
Guidance Manual for additional information on heat
stress and cold stress.

9) Suspend or terminate operations until directed
otherwise by SSO.

10) Avoid nesting areas; Tape pant legs to work boots
when in high brush (knee high) (tick hazards); Use
repelients — follow manufacturer instructions. Apply
Permonone over clothing articles to avoid skin
irritation. Apply repellants containing DEET to skin
areas. Application of repellants should concentrate
where ticks and other insects will gain entry. Pant to-
boots, shirt to pants, collar; Perform close body
inspections upon exiting high brush areas to facilitate
and remove ticks and other insects.

S i

Use visual observation, and real-time monitoring
instrumentation to ensure all equipment has been
propetly cleaned of contamination and dried. After
decon is completed, screen equipment with an FID or
a PID. If any elevated readings (i.e., above
background) are observed, perform decon again and
re-screen. Repeat until no elevated FID/PID readings
are noted.

- -
ltalicized text represent optional equipment to
conditions dictate.

For Heavy Equipment

This applies to high-pressure soap/water, steam cleaning

wash and rinse procedures.

Level D Minimum requirements -

- Standard field attire (Long sleeve shirt; long pants)
- Safety shoes (Steel toe/shank}

- Nitrile outer gloves

- Safety glasses undemeath a splash shield

- Hearing protection (plugs or mufis)

- PVC Rainsuits or PE or PVC coated Tyvek

- Chemical resistant boot covers

- Hard hat (at SSO's discretion) .

For sampling equipment the following PPE is required

Note: Consult MSDS for PPE guidance. Otherwise,
observe the following.

Level D Minimum requirements -

- Standard field attire (Long sleeve shirt; long pants)
- Safety shoes (Steel toe/shank)

- Nitrile outer gloves

- Safety glasses

In the event of overspray of chemical decontamination

fluid use PVC Rainsuits or PE or PVC coated Tyvek as
necessary.

Note: The Safe Work Pemit(s) for this task (see
Attachment 1V) will be issued at the beginning of each day
to address the tasks planned for that day. As part.of this
task, additional PPE may be assigned to reflect site-specific
conditions or special considerations or conditions
associated with any identified task.

be worn as
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Personnel Decontamination will consist of a
soap/water wash and rinse for reusable outer
protective equipment (boots, gloves, PVC splash
suits, as applicable). The decontamination function
will take place at an area adjacent to the site activities.
This procedure will consist of:

- Equipment drop

- Soap/water wash and rinse of outer boots and
gloves, as applicable

- Soap/water wash and rinse of the outer splash suit,
as applicable

- Disposable PPE will be removed and bagged.

Equipment Decontamination - All heavy
equipment decontamination will take place at a
centralized decontamination pad utilizing steam or
pressure washers. Heavy equipment will have the
wheels and tires cleaned along with any loose debris
removed, prior to transporting to the central
decontamination area. All site vehicles wilt have
restricted access to exclusion zones, and have their
wheels/tires sprayed off as not to track mud onto the
roadways servicing this installation. Roadways
shall be cleared of any debris resulting from the
onsite activity.

Sampling Equipment Decontamination

Sampling equipment will be decontaminated as per
the requirements in the Sampling and Analysis Plan
and/or Work Plan.

MSDS for any decon solutions (Alconox, isopropanol,
etc.) will be obtained and used to determine proper
handling/ disposal methods and protective measures
(PPE, first-aid, etc.).

All equipment used in the exclusion zone will require a
complete decontamination between locations and
prior to removal from the site.

The FOL or the SSO will be responsible to evaluate
equipment as it arrives and leaves the site. No
equipment will be authorized access or exit without
this evaluation. See Attachment Ill Equipment
Inspection Checklist.
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6.0 HAZARD ASSESSMENT

The following section provides information regarding the chemical, physical, and natural hazards
anticipated to be present during the activities to be conducted. Table 6-1 provides information related to
chemical constituents that have been identified by analysis or are suspected to be present at the site
based on historical data. Specifically, toxicological information, exposure limits, symptoms of exposure,

physical properties, and air monitoring and sampling data are discussed in the table.

6.1 CHEMICAL HAZARDS

Previous analytical data from Site 13 indicated the presence of various contaminants of concern including
various metals, polychlorinated biphenyls (PCBS),_ an assortment of pesticides, and several volatile organic
compounds (VOCs) primarily in the form of chlorinated solvents and associated degradation products. The
most recent data available pertinent to groundwater at Site 13 indicate the presence of only two organic
compounds: methylene chloride and chloroform. An evaluation of that data indicate that it is very unlikely
that personnel participating in drilling and sampling activities could encounter concentrations of any
substances that would represent an exposure concern via inhalation. Some limited potential exposure

‘concerns could exist through direct skin contact or ingestion of contaminated media.

Potential routes of exposure through ingestion and skin contact will be minimized through the use of personal
protective equipment (PPE), decontamination procedures, and good personal hygiene (washing hands prior
to performing hand to mouth activities such as éating, smoking, etc.). As a precautionary measure, real-time
monitoring instruments (flame ionization detector or photoionization detector) will be used to monitor for the
presence of airborne concentrations of VOCs. Additionally, site personnel will visually monitor drilling
operations to determine the presence of airborne dusts. If airborne dusts are observed, area wetting
methods will be used to suppress the generation of dusts that may facilitate exposure through inhalation of
airborne dusts. Table 6-1 provides information on the toxicological, chemical, and physical properties of

some of the contaminants of concern.
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relative response ratio
unknown,

FID: 100% response
with FID

Air sample using
charcoal sorbent
tube and carbon
disulfide desorption
with gas
chromatography
flame ionization
detector; Sample and
analytical protocol in
accordance with
NIOSH Method
#1003.

TABLE 6-1

CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA
SITE 13 NWS EARLE, COLTS NECK, NEW JERSEY

OSHA: 50 ppm
{ceiling)

NIOSH:
STEL 2 ppm

ACGIH: 10 ppm

IDLH: 500 ppm

1ing Frops
Inadequate - Odor threshold 133 -
276 ppm. Chloroform has poor
warning properties but will adhere to
organic vapor cartridges. Supplied
air respirators are recommended.

Recommended glove: Polyvinyl
Alcohol >8.00 hrs; Viton 9.50 hrs;
Teflon >3.60 hrs

Boiling Pt: 143°F; 62°C

Melting Pt: -81°F; -62°C

Solubility: 0.5%

Flash Pt: N/A

LEL/LFL: Not available

UEL/UFL: Not available

Vapor Density: Not available

Vapor Pressure: 160 mmHg @ 68°F;
20°C

Specific Gravity: 1.48
Incompatibilities: Strong caustics,
chemically active metals such as
aluminum or magnesium powder,
sodium and potassium, strong oxidizers
Appearance and Odor:

Colorless liquid with a swest pleasant
odor.

Overexposure to this substance may
cause dizziness, mental dullness,
nausea, headache, fatigue,
anaesthesia, and irritation of the skin
and eyes. Chronic overexposure
may result in damage to the liver,
kidneys, heart, eyes and skin.

Methylene chloride

75-09-2

PID: I.P. 11.32 eV, High
response with PID and
11.7 eV lamp.

FiD: 100% response
with FID.

Air sample using
charcoal or Anasorb
CMS sorbent tube;
carbon disulfide
desorption; gas
chromatography-
flame ionization
detector; Sampling
and analytical
protocol shall .
proceed in
accordance with
OSHA Method #59,
80, or NIOSH Method
#1005.

OSHA: 50 ppm,
100 ppm (Ceiling)

ACGIH: 50 ppm
NIOSH: Lowest
feasible

concentration

IDLH: 2300 ppm

Inadequate - Odor threshold 160
ppm. Use a gas mask with a Type N
canister for concentrations up to 25
ppm. In excess of 25 ppm, use a
supplied air respirator (airline
respirator with emergency escape
cylinder or a Self-Contained
Breathing Apparatus - (SCBA).

Recommended gloves: Nitrile
rubber latex glove 3.00 hrs (vendor
specific); supported

Polyvinyl alcohol glove,
unsupported 1-8 hrs; Silver shield
1.90 hrs

Boiling Pt: 104°F; 39.8°C

Melting Pt: -141°F; -96°C

Solubility: 2%

Flash Pt: Not available

LEL/LFL: 13%

UELJUFL: 12%

Vapor Density: 2.93

Vapor Pressure: 380 mmHg @ 72°F;
22°C

Specific Gravity: 1.33
Incompatibilities: Strong oxidizers,
caustics, metals (i.e. aluminum,
magnesium, potassium, sodium,
lithium), and concentrated acids
Appearance and Odor:

Colorless liquid with a chioroform-like

odor. (Note: A gas above 104°F; 40°C).

Effects of overexposure may include
CNS effects - cause sleepiness,
fatigue, weakness, lightheadedness,
numbness of the limbs, altered
cardiac rate and incoordination.
These signs and symptoms may be
accompanied by nausea, gastric and
pulmonary irritation leading possibly
to pulmonary edema. In addition to
the narcosis long term effects may
include liver injury. Listed as
possessing carcinogenic properties
by NTP, IARC, and ACGIH.
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6.2 PHYSICAL HAZARDS
The physical hazards that may be present during the performance of site activities are summarized below:

* Heavy equipment hazards (pinch/compression points, rotating equipment, etc.)
¢ Slips, trips, and falls

» Energized systems (contact with underground or overhead utilities)

» Lifting (strain/muscle pulls)

¢ Noise exceeding 85 decibels (dBAs)

» Ambient temperature extremes (heat or cold stress)

o Eye (flying projectiles) and foot hazards

. Pinches and compressions

o Contact with sharp objects (glass, metal, etc.)

» Vehicular and foot traffic

These physical hazards are discussed in Table 5-1 as applicable to each site task. Furthermore, many of
these hazards are discussed in detail in Section 4.0 of the Health and Safety Guidance Manual. Specific

discussion on some of these hazards is presented below.

6.2.1 Heavy Equipment Hazards (Pinch/Compression Points, Rotating Equipment, etc.)

Often the hazards associated with drilling operations are the most dangerous to be encountered during
site activities. The SSO will thoroughly discuss safe drilling procedures during the pre-activities training
session. All site personnel will sign the form in Figure 8-2 documenting that they received the training and

understand the procedures. The following rules will apply to drilling operations:

e Each rig must be equipped with emergency stop devices that will be tested daily to ensure that they
are operational.

e Long handled shovels or equivalent shall be used to clear cuttings from the borehole and rotating
equipment. |

* The driller may not leave the controls when the augers are rotating.

6.2.2 Energized Systems (Contact with Underground or Overhead Utilities)

Underground utilities such as pressurized lines, water lines, telephone lines, buried utility lines, and high
voltage power lines are known to be present throughout the facility. Clearance of underground and overhead

utilities for each sample location will be coordinated with NWS Earle personnel. All work must be consistent
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with the SOP for Utility Locating and Excavation Clearahce (See Attachment Il of this HASP). Additionally,
drilling operations will be conducted at a safe distance (>20 feet) from overhead power lines. Whenever
underground utilities are suspected to be close to subsurface sampling locations, the borehole will be
advanced to a minimum of 5 feet with a hand auger before drilling. As built drawings may also be used for
additional clarification. In certain cases, NWS Earle personnel may need to de-energize electrical cables

using facility lockout/tagout procedures to ensure electrical hazards are eliminated.
New Jersey One Call

In New Jersey the law requires you to call New Jersey One-Call at least three but no more than 10
business days before you dig (eVen with a shovel). New Jersey One-Call is a free utility locating service
for homeowners and contractors throughout New Jersey. Within three business days of your call, the
location of underground utilities will be marked. Call 1-800-272-1000 before you dig.

6.2.3 Ambient Temperature Extremes

Overexposure to high or low ambient terﬁperatures (heat or cold stress) may exist during performance of
this work depending on the project schedule. Work performed when ambient temperafures exceed 70°F
may result in varying Ievéls of heat stress (heat rash, heat cramps, heat exhaustion, and/or heat stroke)
depending on variables such as wind speed, humidity, and percent sunshine, as well és physiological
factors such as metabolic rate and skin moisture content. Additionally, work load and level of protective
equipment will affect the degree of exposure. Site personnel will be encouraged to drink plenty of fluids to
replace those lost through perspiration. Work performed when ambient temperatures are below 40°F may
result in varying levels of cold stress (tremors, frostbite, wind burn, etc.) depending on variables such as
wind speed, humidity, and percent sunshine, as well as physiological factors such as metabolic rate and
skin moisture content. Additional information such as Work-Rest Regimens and personnel monitoring
may be found in Section 4.0 of the Health and Safety Guidance Manual. The SSO will recommend
additional heat or cold stress control measures as they are deemed ﬁecessary per American Conference

of Governmental Industrial Hygienists (ACGIH) guidelines.
6.3 NATURAL HAZARDS

6.3.1 Insect/Animal Bites and Stings, Poisonous Plants, etc.

Contact with poisonous plants and bites or stings from poisonous insects are other natural hazards that must
be considered. All site personnel who are allergic to stinging insects such as bees, wasps, and hornets must

be particularly careful because severe illness and death may result from allergic reactions. As with a medical
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condition or allergy, information regarding the condition must be listed on the Medical Data Sheet and the
FOL and SSO must be notified.

Ticks

During warm months (spring through early fall), tick-borne Lyme Disease may pose a potential health hazard.
The longer a disease-carrying tick remains attached to the body, the greater the potential for contracting the
disease. Wearing long sleeved shirts and long pants (tucked into boots) as well as performing frequent body
checks will prevent long-term attachment. Site first aid kits should be equipped with medical forceps and
rubbing alcohol to assist in tick removal. If necessary, tyvek coveralls can be worn to provide a barrier
between the skin and ticks that may come into contact with clothing. Commercially available insect repellents
have been shown to be effective at repelling ticks and other biting insects. For information regarding tick
removal procedures and symptoms of exposure consult Attachment V|>I of this HASP or Section 4.0 of the
Health and Safety Guidance Manual.

West Nile Virus

West Nile Virus (WNV) can spread to people and animals through the bite of an infected mosquito.
Mosquitoes acquire the virus from infected birds. Infected mosquitoes then transmit the West Nile
virus to humans and animals when biting (or taking a blood-meal). West Nile encephalitis is NOT
transmitted from person-to-person. There is no evidence that a person can get the virus from
handling live or dead infected birds. However, avoid bare-handed contact when handling any
dead animals, including dead birds. Ticks have not been implicated as vectors of West Nile-like

virus.

Prior to the detection of the virus in New York City, the virus, which can cause the brain infection
encephalitis, WNV was found only in Africa, Eastern Europe and West Asia. Mild infections are
common and include fever, headache, and body aches, often with skin rash and swollen lymph
glands. More severe infection is marked by headache, high fever, neck stiffness, stupor,
disorientation, coma, tremors, occasional convulsions, paralysis and, rarely, death (especially in
the elderly and very young). The incubation period of West Nile encephalitis is usually 3 to 12
days. There is no specific therapy or vaccine against West Nile encephalitis. The vast majority of

people who are bitten by an infected mosquito will develop only mild symptoms, if any.

in New Jersey, the legislation that established mosquito control, did so at the level of county government.

All 21 counties have a mosquito control program of some kind. This network of county agencies interact
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with state government via the Departments of Health and Senior Services, Agriculture, Environmental
Protection and the Agricultural Experiment Station at Rutgers University. New Jersey has a
comprehensive plan for dealing with a possible return of the West Nile Virus. It includes enhanced
mosquito control efforts; increased human, animal and mosquito surveillance; a streamlined system for

testing collected samples, and a public education program.

Additional information can be obtained from the Monmouth County Mosquiio Extermination Commission at
(723) 542-3630.

Precautions

* Limit outdoor activities during peak mosquito times — at dusk and dawn.

* Avoid standing water ’

* Wear long-sleeved shirts and long pants whenever you are outdoors.

* Apply insect repellent to exposed skin according to manufacturer instruction. An effective
repellent will contain 20% to 30% DEET (N,N-digthylfmeta-toluamide). Avoid products
containing more than 30% DEET.

» Spray clothing with repelients containing permethrin or DEET, mosquitoes may bite through

thin clothing.

6.3.2 Inclement Weather

Many of the project tasks will be performed outdoors. As a result, inclement weather may be
encountered. If adverse weather (e.g., electrical storms, hurricanes, etc.) conditions arise, the FOL and/or

SSO will temporarily suspend or terminate activities until hazardous conditions cease.
Tropical Storms and Hurricanes

As the NWS Earle, New Jersey area is in a tropical storm, hurricane prone area. The decision to curtail
operations and evacuate the area should be made by the FOL, PM, and the HSM.

During the early summer to late fall months, typically from the first of June through the end of November,
disturbances migrating off the West Coast of Africa move into the Atlantic Ocean and develop into tropical
cyclones known as tropical storms and hurricanes. Many of these cyclones becomre strong enough to
threaten life and property along the Eastern Seaboard and Gulf Coast. There are three main threats

associated with tropical storms and hurricanes:

e High winds

e Excessive rainfall
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e Storm surge

The impacts of high winds and excessive rainfall occur hours, maybe days, before the tropical storm or

hurricane makes landfall. However, the storm surge accompanies the storm or hurricane at the time that
landfall occurs.

6-7 CTO 0851



Revision 1
August 2004

7.0 AIR MONITORING

Direct reading instruments will be used at the site to detect and evaluate the presence of site
contaminants and other potentially hézardous conditions. -As a result, specific air monitoring measures
and requirements are established in Table 5-1 pertaining to the hazards and tasks of an identified
operation. Additionally Section 1.0, the Health and Safety Guidance Manual contains detailed information

regarding direct reading instrumentation, as well as general calibration procedures of various instruments.

71 INSTRUMENTS AND USE

Instruments will be used primarily to monitor source points and worker breathing zone areas while
observing instrument action levels. Action levels are discussed in Table 51 as they may apply to a

specific task or location.

7.1.1 Flame lonization Detector (FID) or Photoionization Detector (PID)

VOC contaminants of concern were previously detected at concentrations that are unlikely to present an

inhalation exposure hazard to site workers. However, as a precautionary measure, an FID or a PID will be

used to monitor for VOCs that may be present at source areas (such as soil boring locations) and within

worker breathing zones during site activities. If a PID is selected for use, it must be equipped with a

lamp strength of at least 11.3 eV. This requirement recognizes that the two substances previously

identified in the groundwater at Site 13 (chloroform and methylene chloride) both have ionization potentials

at this level. The use of a PID with a lamp energy of less than 11.3 eV would not detect these substances -
in the unlikely event that they are present in the air.

Before starting field activities, the background levels of the site must be determined and noted. Daily
background readings will be taken away from areas of potential contamination. These readings,
influencing conditions (weather, temperature, humidity, etc.), and site location must be documented in the

field operations logbook or other site documentation (e.g., sample log sheet).

7.1.2 Hazard Monitoring Frequency

Table 5-1 bresehts the frequencies in. which hazard monitoring will be performed as well as the action
levels that will initiate the use of elevated levels of protection. The SSO may decide to increase these
frequencies based on instrument responses and site observations. The frequency in which monitoring is

performed will not be reduced without the prior consent of the PHSO or HSM.
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7.2 INSTRUMENT MAINTENANCE AND CALIBRATION

Hazard monitoring instruments will be maintained and pre-field calibrated by fhe equipment provider (i.e.,
equipment rental company). Operational checks and field calibration must be performed on instruments
each day before use. Field calibration will be performed on instruments according to manufacturer's
recommendations (for example, the PID must be field calibrated daily and an additional field calibration
must be performed at the end of each day to determine significant instrument drift). These operational
checks and calibration efforts will be performed in a manner that complies with the manufacturer's
recommendations and specifications. All calibration efforts must be documented. Figure 7-1 is provided
for documenting these calibration efforts. This information may instead be recorded in a field operations
logbook, provided that the information specified in Figure 7-1 is recorded. This required information
includes the following:

¢ Date calibration was performed

¢ Individual calibrating the instrument

» Instrument name, model, and serial number

¢ Relevant instrument settings and resultant readings (before and after) calibration
« Identification of the calibration standard (lot no., source concentration, supplier)

¢ Relevant comments or remarks
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8.0 TRAINING/MEDICAL SURVEILLANCE REQUIREMENTS

8.1 INTRODUCTORY/REFRESHER/SUPERVISORY TRAINING

This section is included to specify health and safety training and medical surveillance requirements for

both TtNUS and subcontractor personnel participating in site activities.

8.1.1 Requirements for TtNUS Personnel

All TINUS personnel must complete 40 hours of introductory hazardous waste site training before working
at Site 13 at NWS Earle. Additionally, TtNUS personnel who have had introductory training more than 12
months before site work must have completed 8 hours of refresher training within the past 12 months
before being cleared for site work. In addition, 8-hour supervisory tréining in accordance with 29 CFR
1910.120(e)(4) will be required for site supervisory personnel.

Ddcumentation of TINUS introductory, supervisory, and refresher training as well as site-specific training
will be maintained onsite. Copies of certificates or other official documentation will be used to fulfill this

requirement.

TtNUS will conduct a pre-activities training session before initiating site work. Additionally, a brief meeting
will be held daily to discuss operations planned for that day. At the end of the workday, a short meeting
will be held to discuss the operations completed and problems encountered. This activity will be
supported through the use of Safe Work Permits (See Section 10.10).

8.1.2 Requirements for Subcontractors

All TtINUS subcontractor personnel must have completed introductory hazardous waste site training or
equivalent work experience as defined in OSHA Standard 29 CFR 1910.120(e) and 8 hours of refresher
training meeting the requirements of 29 CFR 1910.120(e)(8) before performing field work at NWS Earle.
TINUS subcontractors must certify that each employee has had such training by sending TtNUS a letter
on company letterhead containing the information in the example letter provided in Figure 8-1 and by

providing copies of certificates for subcontractor personnel participating in site activities.
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FIGURE 8-1.
TRAINING LETTER

The following statements must be typed on company letterhead, signed by an officer of the company, and
accompanied by copies of personnel training certificates: '

LOGO

XYZ CORPORATION

555 E. 5th Street
Nowheresville, Kansas 55555

Month, day, year

Mr. Daniel Witt, P.E.
Project Manager
Tetra Tech NUS, Inc.
661 Andersen Drive
Pittsburgh, PA 15220

Subject: HAZWOPER Training for NWS Earle, New Jersey

Dear Mr. Witt,

As an officer of XYZ Corporation, | hereby state that | am aware of the potential hazardous nature of the
subject project. | also understand that it is our responsibility to comply with applicable occupational safety
and health regulations, including those stipulated in Title 29 of the Code of Federal Regulations (CFR),
Parts 1900 through 1910 and Part 1926.

| also understand that Title 29 CFR 1910.120, titled "Hazardous Waste Operations and Emergency
Response," requires an appropriate level of training for certain employees engaged in hazardous waste
operations. In this regard, | hereby state that the following employees have had 40 hours of introductory
hazardous waste_site training or equivalent work experience as requested by 29 CFR 1910.120(e) and
have had 8 hours of refresher training as applicable and as required by 29 CFR 1910.120(e)(8) and that
site supervisory personnel have had training in accordance with 29 CFR 1910.120(e)(4).

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE.

Should you have questions, please contact me at (555) 555-5555.

Sincerely,

(Name and Title of Company Officer)
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8.2 SITE-SPECIFIC TRAINING

TtNUS will provide site-specific training to site personnel who will perform work on this project. Site-
specific' training will also be provided to other personnel [U.S. Department of Defense (DoD),
Environmental Protection Agency (EPA), etc.] who may enter the site to perform functions that may or

may not be directly related to site operations. Site-specific training will include:

+ Names of designated personnel and alternates responsible for site safety and health
e Safety, health, and other hazards present onsite

e Use of PPE

e Work practices to minimize risks from hazards

+ Safe use of engineering controls and equipment

s Medical surveillance requirements

e Signs and symptoms of overexposure

+ Contents of the HASP

+« Emergency response procedures (evacuation and assembly points)
+ Spill response procedures

+ Review of the contents of relevant MSDSs

e Review of Safe Work Permits .

Site-specific documentation will be established through the use of Figure 8-2. All site personnel and
visitors must sign this document upon receiving site-specific training.

8.3 * MEDICAL SURVEILLANCE

8.3.1 Medical Surveillance Requirements for TINUS Personnel

All TtNUS personnel participating in project field activities will have had a physical examination meeting
the requirements of the TtINUS medical surveillance program and will be medically qualified to perform

hazardous waste site work using respiratory protection.

Documentation for medical clearances will be maintained in the TtNUS Pittsburgh office and made

available, as necessary. '
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FIGURE 8-2

SITE-SPECIFIC TRAINING DOCUMENTATION

My signature below indicates that | am aware of the potential hazardous nature of performing site
investigation activities at NWS Earle, New Jersey, and that | have received site-specific training that
included the elements presented below:

Names of designated personnel and alternates responsible for site safety and health
Safety, health, and other hazards present onsite

Use of PPE

Work practices to minimize risks from hazards

Safe use of engineering controls and equipment

Medical surveillance requirements

Signs and symptoms of overexposure

Contents of the HASP

Emergency response procedures (evacuation and assembly points)
Spill response procedures

Review of contents of relevant MSDSs

Review of the use of Safe Work Permits

| further state that | have been givén the opportunity to ask questions, that my questions have been

answered to my satisfaction, and that | agree to abide by the procedures and policies addressed in this
plan. The date of my training (introductory, refresher, and supervisory, as applicable) and my medical
surveillance requirements are accurate and correct to the best of my knowledge.

Site- 40-Hour 8-Hour 8-Hour
Name Specific Training Refresher Supervisory Medical
. . Training (Date) Training Training (Date) Exam
(Printed and Signature) Date (Date)
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8.3.2 Medical Surveillance Requirements for Subcontractors

Subcontractors are required to obtain a certificate of their ability to perform hazardous waste site work and
to wear respiratory protection. The "Subcontractor Medical Approval Form" provided in Figure 8-3 shall be

used to satisfy this requirement, providing it is properly completed and signed by a licensed physician.

Subcontractors who have a company medical surveillance program meeting the requirements of
paragraph (f) of OSHA 29 CFR 1910.120 can substitute "Subcontractor Medical Approval Form" with a

letter on company letterhead containing the information in the example letter presented in Figure 8-4 of
this HASP.

8.3.3 Requirements for All Field Personnel

Each field team member (including subcontractors) and visitors entering the exclusion zone(s) shall be
required to complete and submit a copy of the Medical Data Sheet presented in Section 7 of the Health
énd Safety Guidance Manual. This shall be provided to the SSO, before participating in site activities.
The purpose of this document is ‘to provide site personnel and emergency responders with additional

information that may be necessary to administer medical attention.

8.4 SUBCONTRACTOR EXCEPTIONS

Subcontractors who will not enter the exclusion zone during operation and whose activities involve no
potential for exposure to site contaminants will not be required to meet the requirements for

training/medical surveillance other than site-specific training as stipulated in Section 8.2.
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FIGURE 8-3

SUBCONTRACTOR MEDICAL APPROVAL FORM

Company Name

The above-named individual has:

1.

Undergone a physical examination in accordance with OSHA Standard 29 CFR 1910.120,
paragraph {(f), and was found to be medically -

() qualified to perform work at the NWS Earle work site
() not qualified to perform work at the NWS Earle work site

and,

Undergone a physical examination in accordance with OSHA 29 CFR 1910.134(b)(10)
and was found to be medically -

() qualified to wear respiratory protection
() not qualified to wear respiratory protection

My evaluation has been based on the following information, as provided to me by the employer.

Part B

() A copy of OSHA Standard 29 CFR 1910.120 and appendices.

() A description of the employee's duties as they relate to the employee's
exposures.

A list of known/suspected contaminants and their concentrations (if known).

A description of any PPE used or to be used.

Information from previous medical examinations of the employee that is not
readily available to the examining physician.

N N N

, have examined

' Physician's Name (print) Participant's Name (print)

and have determined the following information:

8-6 CTO 0851



Revision 1
August 2004

FIGURE 8-3.

SUBCONTRACTOR MEDICAL APPROVAL FORM (CONTINUED)

i

1. Results of the medical examination and tests (excluding findings or diagnoses unrelated to
occupational exposure):

2.  Any detected medical conditions that would place the employee at increased risk of material
impairment of the employee’s health:

3. Recommended limitations on the‘employee's assigned work:

I have informed this participant of the results of this medical examination and any medical conditions that
require further examination of treatment.

Based on the information provided to me, and in view of the activities and hazard potentials involved at the
NWS Earle work site, this participant

() may
() may not

perform his/her assigned task.

Physician's Signature

Address

Phone Number

NOTE: Copies of test results are maintained and available at:

Address
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FIGURE 8-4
MEDICAL SURVEILLANCE LETTER

The following statements must be typed on company letterhead and signed by an officer of the company:

LOGO

XYZ CORPORATION

555 E. 5th Street
Nowheresville, Kansas 55555

Month, day, year

Mr. Daniel Witt, P.E.
Project Manager
Tetra Tech NUS, Inc.
661 Andersen Drive
Pittsburgh, PA 15220

Subject: . Medical Surveillance for NWS Earle, New Jersey
Dear Mr. Witt:

As an officer of XYZ Corporation, | hereby state that the persons listed below participated in a medical
surveillance program meeting the requirements contained in paragraph (f) of Title 29 of the Code of
Federal Regulations (CFR), Part 1910.120, titled "Hazardous Waste Operations and Emergency
Response: Final Rule." | further state that the persons listed below have had physical examinations under
this program within the past 12 months and that they have been cleared by a licensed physician to
perform hazardous waste site work and to wear positive- and negative-pressure respiratory protection. |
also state that, to my knowledge, no person listed below has any medical restriction that would preclude
him/her from working at the NWS Earle, New Jersey site.

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE.
Should you have questions, please contact me at (555) 555-5555.

Sincerely,

(Name and Title of Company Officer)
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9.0 SPILL CONTAINMENT PROGRAM

9.1 SCOPE AND APPLICATION

"It is not anticipated that quantities of bulk potentially hazardous materials (greater than 55 gallons) will be
handled during site activities conducted as part of the scope of work. Small quantities of waste water
(decontamination) and Investigative-Derived Waste (IDW) may be generated as part of site activities. It is
not anticipated, however, that spillage of these materials would constitute a significant danger to human
health or the environment. Furthermore, it is possible that as the job progresses disposable PPE and
other nonreusable items may be generated. As needed, 55-gallon drums will be used to contain waste
water, IDW, and other unwanted items generated during investigation activities. - These drums will be
labeled with the site name and address, the type of contents, and the date the container was filled as well
as contact person. Samples will be collected and analyzed to characterize the material and determine
appropriate disposal measures. Once characterized they can be removed from the staging area and

disposed of in accordance with Federal, state, and local regulations.

9.2 POTENTIAL SPILL AREAS

Potential spill areas will be monitored in an ongoing attempt to prevent and control further potential
contamination of the environment. Currently, various areas are vulnerable to this hazard including the
areas used for central staging and decontamination activities. Additionally, areas designated for handling,
loading, and unloading of potentially contaminated soils, waters, and debris present limited potential for
-leaks or spills. |t is anticipated that IDW generated as a result of this scope of work will be containerized,
labeled, and staged to await chemical analyses. The results of these analyses will determine appropriate

disposal methods.

9.3 LEAK AND SPILL DETECTION

To establish an early detection of potential spills or leaks, periodic inspections by the SSO will be
conducted during working hours to visually determine that containers are not leaking. If a leak is detected,
the first approach will be to transfer the container contents using a hand pump into a new container. Other
provisions for the transfer of container contents will be made and appropriate emergency contacts will be
notified, if necessary. In most instances, leaks will bé collected and contained using absorbents such as
Oil-dry, vermiculite, or sand, which will be stored at the staging area in a conspicuously marked drum.
This material, too, will be containerized for disposal pending analyses. All inspections will be documented

in the Project Logbook.
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9.4 PERSONNEL TRAINING AND SPILL PREVENTION

All personnel will be instructed on the procedures for spill . prevention, containment, and collection of
hazardous materials in the site-specific training. The FOL and/or the SSO will serve as the Spill

Response Coordinator for this operation if necessary.

9.5 SPILL PREVENTION AND CONTAINMENT EQUIPMENT

The following represents the types of equipment that may be maintained at the staging area for the

purpose of supporting this Spill Prevention/Containment Program.

 Sand, clean fill, vermiculite, or other noncombustible absorbent (oil-dry);
¢ Drums (55-gallon U.S. DOT 17-E or 17-H)
« Shovels, rakes, and brooms

e Labels

9.6 SPILL CONTROL PLAN

This section describes the procedures the TtNUS field crewmembers will use when detecting a spill or
leak.

1) Notify the SSO or FOL immediately.
2) Use PPE stored at the staging area. Take immediate actions to stop the leak or spiI‘I by plugging
or patching the drum or raising the leak to the highest point. Spread the absorbent material in the

area of the spill covering completely.

3) Transfer the material to a new container, and collect and containerize the absorbent material.

Label the new container appropriately. Await analyses for treatment or disposal options.

4) Al spills will be recontainerized with 2 inches of top cover and await test results for treatment or -

disposal options.
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It is not anticipated that a spill will occur that the field crews cannot handle. Should this occur, however,

the FOL or 8SO will notify the NWS Earle Emergency Coordinator who will notify the appropriate

emergency response agencies.

9-3 CTO 0851



Revision 1
August 2004

10.0 SITE CONTROL

This section outlines the means by which TINUS will delineate work zones and use these work zones in
conjunction with decontamination procedures to prevent the spread of contaminants into previously
unaffected areas of the site. It is anticipated that a three-zone approach will be used during work at this
site. This three-zone approach will use an exclusion ione, a contamination reduction zone, and a support
zone. It is also anticipated that this control measure will be used to control access to site work areas. Use
of such controls will restrict the general public, minimize the potential for the spread of contaminants, and

protect individuals who are not cleared to enter work areas.

10.1 EXCLUSION ZONE

The exclusion zone will be considered those areas. of the site of known or suspected contamination. |t is
not anticipated that significant amounts of surface contamination are present in the proposed work areas
of this site. It is anticipated that this will remain so until/unless contaminants are brought to the surface by
intrusive activities, such as soil boring or sampling operations. Furthermore, once intrusive activities have
been completed and surface contamination has been removed, the potential for exposure is again
diminished and the area can then be reclassified as pait of the contamination reduction zone. Therefore,
the exclusion zones for this project will be limited to those areas of the site where active work is being
performed plus a designated area surrounding the point of operation. When possible, exclusion zones will

be delineated using barrier tape, cones and/or drive poles, and postings to inform site personnel.

The exclusion zone will be considered those areas of active operations plus an established safety zone
depending on the task. The following represent the exclusion zone boundaries for the following identified

tasks:
» Soil Boring — The boundary perimeter will be established by determining the height of the mast, plds
five feet. Therefore, if it is a 35-foot mast plus 5 feet equals a 40-foot boundary surrounding the point

of operation.

+ Decontamination (heavy equipment — steam/pressure washers) — 35 feet surrounding the point of

operation. This will take place at a centralized location.
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10.1.1 Exclusion Zone Clearance

Before the initiation of site activities, utility locations will be identified following the guidance provided in the
TtNUS SOP For Utility Locating and Excavation Clearance (see Attachment Il). Additional utility surveys
may be conducted by TINUS through the use of available documentation provided by NWS Earle and/or
local utility companies. The positions of identified utilities will be field located and staked to minimize the
potential for damage during intrusive activities. Sample locations can be located to avoid buried utilities.
In the event that a utility is struck during a subsurface investigative activity, the emergency numbers

provided in Table 2-1 will be notified.

Access to work areas will be controlled by TtNUS personnel. No personnel will be permitted to enter site
exclusion zones without site-specific training. Site visitors will be provided site-specific training and will be

escorted by TINUS personnel (see section 10.4).

10.2 CONTAMINATION REDUCTION ZONE

The contamination reduction zone (CRZ) is a buffer area between the exclusion zone and areas of the site
where contamination is not suspected. The personnel and equipment decontamination will not take place
in this area, but will take place at a central location established for this project. This area instead will
serve as a focal point in supporting exclusion zone activities. When applicable, this area will be delineated

using barrier tape, cones and/or drive poles, and postings to inform and direct facility personnel.

10.3 SUPPORT ZONE

The support zone for this project will include a staging area where site vehicles will be parked, equipment -
will be unioaded, and food and drink containers will be maintained. The support zones will be established
at areas of the site where exposure to site contaminants would not be expected during normal working

conditions or foreseeable emergencies.

10.4 SITE VISITORS

Site visitors for the purpose of this document are identified as representing the following groups of

individuals:

e Personnel invited to observe or participate in operations by TINUS
¢ Regulatory personnel (NJDEP, EPA, OSHA, etc.)

e NWS Earle personnel
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e Other authorized visitors

All personnel working on this project are required to gain initial access to the site by coordinating with the

TINUS FOL or designee and following established site access procedures.

Upon gaining access to the site, site visitors wishing to observe operations in progress will be escorted by
a TiNUS representative (arranged for by the FOL) and shall be required to meet the minimum

requirements discussed beiow:

 All site visitors will be routed to the FOL, who will sign them into the field logbook. Information to be
recorded in the logbook will include the individual's name (proper identification required), the entity

which they represent, and the purpose of the visit.

» Al site visitors will be required to produce the necessary information supporting clearance to the site.
This shall include information attesting to applicable training (40 hours of HAZWOPER training) and
medical surveillance as stipulated in Section 8.0 of this document. In addition, to enter the site
operational zones during planned activities, visitors will be required to first go through site-specific

training covering the topics stipulated in Section 8.2 of this HASP.

Once the site visitors have completed the above items, they will be‘ permitted to enter the operational
zone. Al visitors are required to observe the protective equipment and site restrictions in effect at the site
at the time of their visit. Visitors not meeting the requirements stipulated in this plan will not be permitted to
enter the site operational zones during planned activities. Incidences of unauthorized site visitation will
cause the termination of onsite activities until the unauthorized visitor is removed from the premises.
Removal of unauthorized visitors will be accomplished with support from the FOL, SSO, or on-site security

personnel.

10.5 SITE SECURITY

Site security will be accomplished using existing NWS Earle security resources and procedures,
supplemented by TtNUS or subcontractor personnel, if necessary. TtNUS will retain control over active
operational areas. The first line of security will take place at the base boundaries restricting the general
public. The second line of security will take place at the work site referring interested parties to the FOL.
The FOL will serve as a focal point for site personnel and will serve as the final line of security and the

primary enforcement contact.
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10.6 SITE MAPS

Once the areas of contamination, access routes, Lutilities, topography, and dispersion routes are
determined, a site map will be generated and adjusted as site conditions change. These maps will show
utility locations, potential points of contact with the public, roadways, and other significant characteristics
that may impact site operations and safety. Site maps will be posted to illustrate up-to-date collection of

contaminants and adjustment of zones and access points.

10.7 BUDDY SYSTEM

Personnel engaged in onsite activities will practice the "buddy system” to ensure the safety during this

operation.

10.8 MATERIAL SAFETY DATA SHEET (MSDS) REQUIREMENTS

TtNUS and subcontractor personnel will provide MSDSs for chemicals brought onsite. The contents of
these documents will be reviewed by the SSO with the user(s) of the chemical substances before an
actual use or application of the substances onsite. A chemical inventory of chemicals used onsite will be
developed using Section 5.0 of the Health and Safety Guidance Manual. The MSDSs will then be

maintained in a central location and will be available for anyone to review on request.

10.9 COMMUNICATION

As TtNUS personnel may not be working in close proximity to each other at NWS Earle a combination of
communication methods will be used. Two-way radios, cellular and conventional telephone, hand
signals, voice commands, and line of site will provide be utilized when most appropriate. When project
tasks are performed simultaneously on different sites, vehicle horns will be used to communicate
emergency situations as described in Section 2.6 of this HASP. All radio frequency transmitting devices,
including cell phones and two way radios, must be approved by NWS Earle Radio Shop. All units cleared
for Hazards of Electromagnetic Radiation to Ordnance (HERO) will be labeled aé safe. Only these

devices will be permitted in the OB/OD unit.

External communication will be accomplished by using provided telephones at the site. External
communication will primarily be used for the purpose of resource and emergency resource

communications.
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10.10 SAFE WORK PERMITS

All exclusion zone work conducted in support of this project will be performed using Safe Work Permits to
guide and direct field crews on a task-by-task basis. An example of the Safe Work Permit to be used is
illustrated in Figure 10-1. The daily meetings conducted during their generation will further support these
work permits. This effort will ensure site-specific considerations and changing conditions are incorporated

into the planning effort.

Use of these permits will provide the communication line for reviewing protecti\)e measures and hazards
associated with each operation. This HASP will be used as the primary reference for selecting levels of
protection and control measures. The work permit will take precedence over the HASP when more

conservative measures are required based on specific site conditions.

The FOL and/or the SSO will be responsible for completing the Safe Work Permit and issuing them to the
appropriate parties. Site personnel at the end of each day will turn in the permit(s) used for that day to the
SSO. All permits will be maintained as part of the permanent project files attesting to safety and health
measures used for a given task at a given time and place. Problems encountered with the protective

measures required should be documented on the permit and brought to the attention of the SSO.
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FIGURE 10-1
SAFE WORK PERMIT
Permit No. Date: Time: From to
SECTION A: General Job Scope (To be filied in by person performing work)
1. Work limited to the following (description, area, equipment used):
. Names:
ll.  Onsite inspection conducted [1Yes [] No Initials of Inspector
: TINUS
SECTION B: Health and Safety Requirements (To be filled in by permit issuer)
IV.  Protective equipment required Respiratory equipment required
LevelD [ LevelB[ Yes [] (see reverse)
LevelC [] LevelA[O No
Modifications/Exceptions:
V. Chemicals of Concern Action Level(s) Response Measures
VI. Additional Safety Equipment/Procedures
Hardhat.......cc.ccoveveeeenrvncrcnenes 1Yes [(dNo Hearing Protection (Plugs/Muffs).... ] Yes [ No
Safety Glasses...........c.ou...... [dYes [1No Safety belVhamess..........ccceeemnenen. [dYes [ No
Chemical/splash goggles .....[[] Yes [J No RAIO et O Yes [ No
Splash Shield ....................... {3 Yes [0 No Barricades ......ooeeeeeeeeeeeeeeesereeeene 1 Yes [ No
Splash suits/coveralls........... [ Yes [dNo GIOVES (TYPL) v.vvevereeeerrereeerreeeeenerenens {1 Yes [ No
Steel toe/shank Workboots .. [[] Yes [] No Work/rest regimen .........cccueevenee.e.. [ Yes [ No
Moditications/Exceptions: :

VI. Procedure review with permit acceptors Yes NA Yes NA
Safety shower/eyewash (Location & Use).......... g i Emergency alarms................... M| 'l
Procedure for safe job completion..........c.cceu.n. O Od Evacuation routes.................... O M|
Contractor tools/equipment inspected................ O Od Assembly points ...................... O O

VIII.  Equipment Preparation Yes No NA

Utility Locating and Excavation Clearance COmpIeted ...........cevaceereeererererereesessesmeerenenens O O O
Equipment and Foot Traffic Routes Cleared and Established................ccccccovveeeereveennn. O O o
Physical Hazards Barricaded and ISOIAted .............ceecvrvereereceeresioeeeeseeeese e esese s O O Od
Emergency EQUIPMENT STaged .......cccueeeeerieieireeee e ces e s e es e e seens O O Od
IX. Additional Permits required (Hot work, confined space entry, excavation etc.)........c.ccceevuennn. [ Yes [] No

If yes, fill out appropriate section(s) on safety work permit addendum
X. Special instructions, precautions:

Permit Issued by: Permit Accepted by:
Job Completed by: Date:
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 11.0 CONFINED SPACE ENTRY

It is not anticipated, under the proposed scope of work, that confined space and permit-required confined
space activities will be conducted. Therefore, personnel under the provisions of this HASP are not
allowed, under any circumstances, to enter confined spaces. A confined space is defined as an area

that has one or more of the following characteristics:

e s large enough and so configured that an employee can bodily enter and perform assigned work.
e Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage bins,
hoppers, vaults, and pits are spaces that may have limited means of entry).

» Is not designed for continuous employee occupancy.

A Permit-Required Confined Space is one that:

» Contains or has a potential to contain a hazardous atmosphere (including excavations deeper than 4
feet). '

e Contains a material that has the potential to engulf an entrant (including excavations).

. Hés an internal configuration such that an entrant could be trapped or asphyxiated by inwardly
converging walls or by a floor that slopes downward and tapers to a smaller cross-section.

» Contains other recognized serious safety or health hazard.
For further information on confined space, consult the Health and Safety Guidance Manual or call the

PHSO. If confined space operations are to 'be performed as part of the scope of work, detailed

procedures and training requirements will have to be addressed.

11-1 CTO 0851
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12.0 MATERIALS AND DOCUMENTATION

The TtNUS FOL shall ensure the following materials/documents are taken to the project site and used

when required.

¢ A complete copy of this HASP

'« Health and Safety Guidance Manual

¢ Incident Reports

* Medical Data Sheets

» MSDSs for chemicals brought onsite, including decon solutions, fuels, lime, sample preservatives,
calibration gases, etc. )

* Afull-size OSHA Job Safety and Health Poster (posted in the site trailérs)

e Training/Medical Surveillance Documentation Form (Blank)

e Emergency Reference Information (Section 2.0, extra copy for posting)

12.1 MATERIALS TO BE POSTED OR MAINTAINED AT THE SITE

The following documentation is to be posted or maintained at the site for quick reference purposes. In
situations in which posting these documents is not feasible (such as no office trailer), these documents
should be separated and immediately accessible.

Chemical Inventory Listing (posted) - This list represents chemicals brought onsite, including

decontamination solutions, sample preservations, fuel, etc. This list should be posted in a central area.

Material Safety Data Sheets (MSDSs) (maintained) - The MSDSs should also be in a central area
accessible to site personnel. These documents should match the listings on the chemical inventory list for
substances used onsite. It is acceptable to have these documents within a central folder and the chemical
inventory as the table of contents.

The OSHA Job Safety & Health Protection Poster (posted) - This poster, as directed by 29 CFR
1903.2 (a)(1), should be conspicuously posted in places where notices to employees are normally posted.

Each FOL shall ensure that this poster is not defaced, altered, or covered by other material.

Site Clearance (maintained) - This list is found within the training section of the HASP (See Figure 8-2). -

This list identifies site personnel, dates of training (including site-specific training), and medical

12-1 CTO 0851
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surveillance. The lists indicates not only clearance but also status. If personnel do not meet these

requirements, they do not enter the site while site personnel are engaged in activities.

Emergency Phone Numbers and Directions to the Hospital(s) (posted) - This list of numbers and

directions will be maintained at phone communications points and in each site vehicle.

Medical Data Sheets/Cards (maintained) - Medical Data Sheets will be completed by onsite perSonnel
and filed in a central location. The Medical Data Sheet will accompany an injury or illness requiring
medical attention to the medical facility. A copy of this sheet or a wallet card will be given to personnel to
carry with them. |

Hearing Conservation Standard (29 CFR 1910.95) (posted) - This standard will be posted when

hearing protection or other noise abatement procedures are used.

Personnel Monitoring (maintained) - All results generated through personnel sampling (levels of

airborne toxins, noise levels, etc.) will be posted to inform individuals of the results of that effort.
Placards and Labels (maintained) - Where chemical inventories have been separated because of
quantities and incompatibilities, these areas will be conspicuously marked using Department of

Transportation (DOT) placards and acceptable (Hazard Communication 29 CFR 1910.1200¢(f)) labels.

The purpose, as stated above, is to allow site personnel quick access to this information. Variations

concerning location and methods of presentation are acceptable as long as the objection is accomplished.

12-2 CTO 0851



ACGIH
APR
CFR
CIH
CNS
CRz
CSpP
dBA
DoD
DOT
EPA
eV

FID
FOL
HASP
HAZWOPER
HSM
IDW

P

LEL
LFL
mg/m?3
mmHg
MSDS
NIOSH
NJDEP
NWS
OSHA
PCB
PHSO
PID
PPE
PPM
SOP
SSO

13.0 GLOSSARY

American Conference of Governmental Industrial Hygienists
Air Purifying Respirator

Code of Federal Regulations
Certified Industrial Hygienist
Central Nervous System
Contamination Reduction Zone
Certified Safety Professional
Decibel on the A weighting scale
Department of Defense
Department of ‘Transportation
Environmental Protection Agency
electron Volts

Flame lonization Detector

Field Operations Leader

Health and Safety Plan
Hazardous Waste Operations and Emergency Response
Health and Safety Manager
Investigative Derived Waste
lonization Potential

Lower Explosive Limit

Lower Flammable Limit

Milligrams per cubic meter

millimeters mercury
Material Safety Data Sheet

National Institute of Occupational Safety and Health
New Jersey Department of Environmental Protection
Naval Weapons Station

Revision 1
August 2004

Occupational Safety and Health Administration (u.s. Department of Labor)

Polychlorinated Biphenyls
Project Health and Safety Officer
Photoionization Detector
Personal Protective Equipment
Parts per Million

Standard Operating Procedure
Site Safety Officer

13-1
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TETRA TECH NUS, INC.

INJURY/ILLNESS PROCEDURE
WORKER’S COMPENSATION PROGRAM

WHAT YOU SHOULD DO IF YOU ARE INJURED OR DEVELOP AN ILLNESS
AS A RESULT OF YOUR EMPLOYMENT:

¢ - Stop work as needed to ensure no further harm is done.
e If injury is minor, obtain appropriate first aid treatment.

* Ifinjury or illness is severe or life threatening, obtain professional medical treatment at the
nearest hospital emergency room. Check with your office location or project health and
safety plan for specific instructions.

e Ifincident involves an mjury, illness, or chemical exposure on a proj ject work site, follow
mnstructions in the Health & Safety Plan.

* Immediately report any injury or illness to your supervisor or office manager. In addition,
you must contact your Human Resources representative, Marilyn Duffy at (412) 921-8475,
and the Corporate Health and Safety Manager, Matt Soltis at (412) 921-8912 within 24 hours
of the injury. You will be required to complete an Injury/Illness Report. You may also be
required to participate in a more detailed investigation with the Health Sciences Department.

¢ Inthe event of a serious near-miss incident, a “Serious Near Miss Report” (Form AR-2,
available online at https://go2.tetratech.com under “Departments”, “Health and Safety”,
“Accident Reporting Procedures™, hyperlink for “Serious Near Miss Report™) must be
completed and faxed to the Corporate Health and Safety Manager within 48 hours.

o If further medical treatment is needed, our insurance carrier, ACE, will provide information
on the authorized providers customized to the location of the injured employee. You can find
this information by accessing the website of ACE’s claims handler, ESIS, at : www.esis.com.

These providers are to be used for treatment of Worker’s Compensation injuries subj ect to the
laws of the state in which you work.

ADDITIONAL QUESTIONS REGARDING WORKER’S COMPENSATION:

Contact your local Human Resources representative (Marilyn Duffy), Corporate Health and
Safety Manager (Matt Soltis), or Corporate Administration in Pasadena, California, at (626) 351-
4664.

Worker’s compensation is a state-mandated program that provides medical and disability benefits
to employees who become disabled due to job related injury or illness. Tetra Tech, Inc. and its
subsidiaries pay premiums on behalf of their employees. This program is based on a no-fault
system, and benefits are provided for covered events as an exclusive remedy to the injured
employee regardless of fault. The types of injuries or illnesses covered and the amount of



benefits paid are regulated by the state worker’s compensation boards and vary from state to state.
Corporate Administration in Pasadena is responsible for administering the Company’s worker’s

- compensation program. The following is a general explanation of worker’s compensation
provided in the event that you become injured or develop an illness as a result of your
employment with Tetra Tech or any of its subsidiaries. Please be aware that the term used for
worker’s compensation varies from state to state.

WHO IS COVERED:

All employees of Tetra Tech, whether they are on a full-time, part-time or temporary status,
working in an office or in the field, are entitled to worker’s compensation benefits from the first
day of work. All employees must follow the above injury/illness reporting procedures. If you are
working out-of-state and away from your home office, you are still eligible for worker’s
compensation benefits.

Consultants, independent contractors, and employees of subcontractors and employees from
temporary employment agencies are not covered by Tetra Tech’s Worker’s Compensation plan.

WHAT IS COVERED:

If you are injured or develop an illness caused by your employment, worker’s compensation
benefits are available to you subject to the laws of the state you work in. Injuries do not have to
be serious; even injuries treated by first aid practices are covered and must be reported.



TETRA TECH, INC.
ACCIDENT AND ILLNESS INVESTIGATION REPORT

To: Prepared by:
Subsidiary Health and Safety Representative .
Position:
cc: _ _ Office:
Workers Compensation Administrator
Project name: Telephone number:
Project number: Fax number:
Information Regarding Injured or Ill Employee
Name: -~ Office:
Home address: Gender: M[ ] F[[] No. of dependents:
- Marital status:
Home telephone number: Date of birth:
Occupation (regular job title): Social security number:
Department: :
Date of Accident: Time of Accident: am.[_| p.m. D
Time Employee Began Work: [] Check if time cannot be determined

Location of Inc_ident

Street address:

City, state, and zip code:

County:

Was place of accident or exposure on employer’s premises? Yes[ ] No[ ]

Information About the Incident

What was the employee doing just before the incident occurred? Describe the activity as well as the tools,
equipment, or material the employee was using. Be specific. Examples: “Climbing a ladder while carrying roofing materials”;
“Spraying chlorine from hand sprayer”; “Daily computer key-entry”

What Happened? Describe how the injury occutred. Examples: “When ladder slipped on wet floor, worker fell 20 feet”; “Worker
was sprayed with chlorine when gasket broke during replacement”; “Worker developed soreness in wrist over time”

This form contains information relating to employee health and must be used in a manner that protects the confidentiality
of the employee to the extent possible while the information is being used for occupational safety and health purposes.

Form AR-1 Page 1 of 4



TETRA TECH, INC.
ACCIDENT AND ILLNESS INVESTIGATION REPORT (Continued)

Information About the Incident (Continued)

What was the injury or illness? Describe the part(s) of the body affected and how it was affected. Be more specific than
“hurt,” “pain,” or “sore.” Examples “Strained back”; “Chemical burn, right hand”; “Carpal tunnel syndrome, left wrist”

Describe the Object or Substance that Directly Harmed the Employee: Examples: “Concrete floor”; “Chlorine”;
“Radial arm saw.” If this question does not apply to the incident, write “Not applicable.”

Did the employee die? Yes [0 ~No[] Date of death:
Was employee performing regular job duties? Yes[ | No[] ,
Was safety equipment provided? Yes[ ] No[] Was safety equipment used? Yes[] No[]
Note: Attach any police reports or related diagrams to this report.

Witness (Attach additional sheets for other witnesses.)

Name:

Company:

Street address:

City: State: Zip code:

Telephone number:

Medical Treatment Required? EI Yes [_] No [ First aid only

Name of physiéian or health care professional:

If treatment was provided away from the work site, provide the information below.

Facility name:

Street address:
City: State: ___ Zip code:

Telephone number:

Was the employee treated in an emergency room? [ ] Yes [ ] No

Was the employee hospitalized over night as an in-patient? [ ] Yes [ ] No

This form contains information relating to employee health and must be used in a manner that protects the conﬁdentiality'
of the employee to the extent possible while the information is being used for occupational safety and health purposes. |

Form AR-1 Page 2 of 4



TETRA TECH, INC.
ACCIDENT AND ILLNESS INVESTIGATION REPORT (Continued)

Corrective Action(s) Taken by Unit Reporting the Accident:

Corrective Action Still to be Taken (by whom and when):

Name of Tetra Tech employee the injury or illness was first reported to:

Date of Report: __ Time of Report:

' I have reviewed this investigation report and agree, to the best of my recollection, with its contents.

Printed Name of Injured Employee Telephone Number

Signature of Injured Employee Date

The signatures provided below indicate that appropriate personnel have been notified of the incident.

Title Printed Name » Signature Telephone Number Date

Office Manager

Project Manager

Site Safety Coordinator or
Office Health and Safety
Representative

This form contains information relating to employee health and must be used in a manner that protects the confidentiality
of the employee to the extent possible while the information is being used for occupational safety and health purposes.

Form AR-1 Page 3 of 4



TETRA TECH, INC.
ACCIDENT AND ILLNESS INVESTIGATION REPORT (Continued)

This form contains information relating to employee health and must be used in a manner that protects the conﬁdentialit?
of the employee to the extent possible while the information is being used for occupational safety and health purposes.

Form AR-1 Page 4 of 4
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EQUIPMENT INSPECTION CHECKLIST



EQUIPMENT INSPECTION -

COMPANY: UNIT NO.
FREQUENCY: Inspect daily, document prior to use and as repairs are needed.
Inspection Date: / / Time: Equipment Type:

(e.g., bulldozer)
Good Need Repair N/A

Tires or tracks ' O )
Hoses and belts

Cab, mirrors, safety glass

- Turn signals, lights, brake lights, etc. (front/rear) for equipment
approved for highway use? : ‘

- Is the equipment equipped with audible back-up alarms and
back-up lights?. ’

R [ |
o ao Q
Q oo a

Horn and gauges

a
a
Q

Brake condition (dynamic, park, etc.)

Q
Q
Q

Fire extinguisher (Type/Rating - )

a
]
g

Fluid Levels:

- Engine oil

- Transmission fluid

- Brake fluid

- Cooling system fluid
- ‘Windshield wipers

- Hydraulic oil

Oil leak/lube
Coupling devices and connectors

Exhaust system

g o agaagaaan
Qg ao aoaaoad
o o0 aogQoaoaQ

Blade/boom/ripper condition

Accessways: Frame, hand holds, ladders, walkways (non-slip
surfaces), guardrails?

Q

Power cable and/or hoist cable

a
o Qa

Steering (standard and emergency)
Safety Guards: Yes No

-~ Around rotating apparatus (belts, pulleys, sprockets, spindles, drums, fiywheels, chains} all points
of operations protected from accidental contact? a a

— Hot pipes and surfaces exposed to accidental contact?

~  All emergency shut offs have been identified and communicated to the field crew?

— Have emergency shutoffs been field tested?

—  Results?

Are any structural members bent, rusted, or otherwise show signs of damage?

-~ Are fueling cans used with this equipment approved type safety cans?

a o o o o Q0

Q G o o a Q




- Have the attachments designed for use (as per manufacturer's recommendation) with this
equipment been inspected and are considered suitable for use? 0

Portable Power Tools:

—  Tools and Equipment in Safe Condition?

- Saw blades, grinding wheels free from recognizable defects (grinding wheels have been sounded)?

~ Portable electric tools properly grounded?

- —  Damage to electrical power cords?

— - Blade guards in place?

—  Components adjusted as per manufacturers recommendation?

O o 0o o o a

Cleanliness:

Overall condition (is the decontamination performed prior to arrival on-site considered acceptable)?

g o O O o Q

— Where was this equipment used prior to its arrival on site?

Site Contaminants of concern at the previous site?

Inside debris (coffee cups, soda cans, tools and equipment) blocking free access to foot controls?

Operator Qualifications (as applicable for all heavy éguigment):

— Does the operator have proper licensing where applicable, (e.g., CDL)?

— Does the operator, understand the equipments operating instructions?,

— s the operator experienced with this equipment?

— Does the operator have emotional and/or physical limitations which would prevent him/her from performing
this task in a safe manner?

— Is the operator 21 years of age or more?

ldentification:

- Is a tagging system available, for positive identification, for tools removed from service?

Additional Inspection Required Prior to Use On-Site

: Yes No
— Does equipment emit noise levels above 90 decibels? m a
- If so, has an 8-hour noise dosimetry test been performed? o a

— Resuits of noise dosimetry:

— Defects and repairs needed:

— General Safety Condition:

- -Operator or mechanic signature:

Approved forUse: (O Yes 0 No

Site Safety Officer Signature
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'SAFE WORK PERMITS



SAFE WORK PERMIT FOR
MOBILIZATION AND DEMOBILIZATION ACTIVITIES
AT NWS EARLE COLTS NECK, NEW JERSEY

Permit No. . Date: Time: From to

SECTION I: General Job Scope
I. Work limited to the following (description, area, equipment used): Mobilization and demobilization activities.

.  Required Monitoring Instruments: None
M. Field Crew:

IV. On-site Inspection conducted [ ] Yes  [] No Initials of Inspector

. TINUS
SECTION ll: General Safety Requirements (To be filled in by permit issuer)
IV. Protective equipment required Respiratory equipment required
LevelD X Levei B[] Yes [] (see reverse)

Level C [J Level A[] No

Modifications/Exceptions: Minimum requirement include sleeved shirt and long pants, or coveralls, safety

glasses and safety footwear. Hard hats, safety glasses and hearing protection will be worn when working

near operating equipment.
V. Chemicals of Concern Action Level(s}) Response Measures

None anticipated given the

nature of activities

and limited contact w/ media.

NOTE: SSO to complete all entries in remaining sections, marking “Yes”, “No”, or “NA” as appropriate

VI. Additional Safety Equipment/Procedures

Hard-hat .....c.cccoeeeeveenienicreneeenens [JYes []No Hearing Protection (Plugs/Muffs).... [] Yes [] No
Safety Glasses ......cocoevevvcreececenne. I Yes [INo  Safety beltthamess........cccoccvecereeueee. [0 Yes K No
Chemical/splash goggles .............. [dYes BINO  Radio..eccvricnceieceeeeernnees [J Yes [XINo
Splash Shield .........cccoceeereevenccenncnen [OYes M No  Barricades .......ccceeeremeueerreeecneneennnne [J Yes B No
Splash suits/coveralls.................... [dYes X No  Gloves (Type - ).....} Yes [XINo
‘Steel toe Work shoes or boots...... Kyes []No Work/rest regimen .........cccoeeeeeeecnucne [J Yes X No

Modifications/Exceptions:_Tape up and use insect repellants, wear Tyvek coverall in_high brush or wooded
areas for further protection against natural hazards (e.q., ticks, poison ivy). W working in areas where

snakes are a threat, wear snake chaps to protect against bites.

VII. Procedure review with permit acceptors Yes NA Yes NA
Safety shower/eyewash (Location & Use).......... 0O 0 Emergency alarms........cceueunn. (] ]
Procedure for safe job completion...................... O O Evacuation routes...........cecevue.. (H (|
Contractor tools/equipment/PPE inspected........ O O Assembly points ..........cceuevenee.. O O

V. Equipment Preparation Yes No NA
Utility Locating and Excavation Clearance COMPIEed .........cvcrmrereeenmrcncmcerciciiminisninsens 0 0O X
Equipment and Foot Traffic Routes Cleared and Established............c.ccccccotrerrnnncnnnnns O O 0O
Physical Hazards Barricaded and ISOIAE ........ceeueeerereceneueriercnenesmeseeccensssesisisssensans O O 0O
Emergency EQUIPMENt StAged .......cooviicceuririreeeereeene s erere e ssaees e eseesere e o O O

IX. Additional Permits required (Hot work, confined space entry, excavation etc.).........c.cceeuuenee [dyes K No

If yes, complete permit required or contact Health Sciences, Pittsburgh Office

X. Special instructions, precautions:_Preview work locations to identify potential hazards (slips, trips, and falls,
natural hazards, etc.) Avoid potential nesting areas. Wear light colored clothing so that ticks and other
biting insects can be easily visible and can be removed. Inspect clothing and body for ticks. Minimize
contact with potentially contaminated media. Suspend site activities in the event of inclement weather.

Permit Issued by: Permit Accepted by:

mobdemobpermit CTO 0808



_ SAFE WORK PERMIT FOR
SOIL BORING AND SUBSURFACE SOIL SAMPLING OPRATIONS
AT NWS EARLE COLTS NECK, NEW JERSEY

Permit No. Date: Time: From to

SECTION I: General Job Scope
I. Work limited to the following (description, area, equipment used): _Soil boring via hollow stem auger

. Required Monitoring Instruments: FID or PID with 11.3 eV (or higher) lamp source
il.  Field Crew:

IV.  On-site Inspection conducted []Yes [] No Initials of Inspector

TINUS
SECTION II: General Safety Requirements (To be filled in by permit issuer)
IV.  Protective equipment required Respiratory equipment required
Level D X Level B[ Yes [] (see reverse)

LevelC [ Level A[] No

Modifications/Exceptions: _Minimum requirement include sleeved shirt and long pants, safety footwear, and
nitrile gloves. Safety glasses, hard hats, and hearing protection will be worn when working near or sampling in
the vicinity of the drill rig or other operating equipment.

V. Chemicals of Concern Action Level(s) Response Measures
Chloroform and Sustained breathing zone Retreat to an unaffected area
Methvlene chloride readings > 5.0 ppm Contact the PHSO for

quidance.

NOTE: SSO to complete all entries in remaining sections, marking “Yes”, “No”, or “NA” as appropriate

VI.Additional Safety Equipment/Procedures

Hard-hat ..........ccoveniemrmnnrecrenenecns B4 Yes [INo  Hearing Protection (Plugs/Muffs) ....04 Yes [ No
Safety Glasses ........cceeeeveerereennne. X Yes [INo Safety belt/harness.......ccccoceeveenene... [ Yes KX No
Chemical/splash goggles............... []Yes I No Radio......cccou.n.. X} No
Splash Shield.........cccccccoeceeeeenenen. ] Yes K No Barricades & No
Splash suits/coveralls.................... [1Yes [1No Gloves (Type - Nitrile)........cceevrvenee. & Yes [INo
Steel toe Work shoes or boots...... KYes [JNo Work/rest regimen.......cccoeeeeeeevecnenene J Yes X No

Modifications/Exceptions:_Tyvek coverall if there is a potential for soiling work cloths. PVC or PE coated Tyvek
and rubber boots if saturation or work cloths/boots may occur.

VIl. Procedure review with permit acceptors Yes NA Yes NA
Safety shower/eyewash (Location & Use).......... O 04d Emergency alarms .................. O |
Procedure for safe job completion .........cc.ce..... O 0O Evacuation routes.................... O O
Contractor tools/equipment/PPE inspected ....... O O Assembly points ...........ccccene... ] Ml

VIIl. Equipment Preparation ‘Yes No NA
Utility Locating and Excavation Clearance completed..........cceveeenneennrcnieecnieeeeecescenns O O O
Equipment and Foot Traffic Routes Cleared and Established...........ccccoceveeeeeeeeirieerenne O 0O O
Physical Hazards Barricaded and 1S0Iated ..........c...ccccoceeeeereeeieieieesesseesesseseecssesensens O 0O O4d
Emergency EQUIPMENt SEAged ........cocecceiceiiieiceeeceee e es s s s e sssase s sesseneas O 4o O

IX. Additional Permits required (Hot work, confined space entry, excavation etc.). .............c...... [Oyes K No

If yes, complete permit required or contact Health Sciences, Pittsburgh Office

X. Special instructions, precautions:_ The TtNUS SOPs on Utility L ocation and Excavation and UXO Clearance will
be followed for all subsurface activities. Preview work locations to identify potential hazards (slips, trips, and
falls, natural hazards, etc.) Avoid potential nesting areas and use insect repellants (Permanone on clothing
and DEET on skin). Wear light colored clothing so that ticks and other biting insects can be easily visible and
can be removed. Inspect clothing and body for ticks. Minimize contact with potentially contaminated media.
Suspend site activities in the event of inclement weather.

Permit Issued by: Permit Accepted by:

drillpermit.doc CTO 0851



SAFE WORK PERMIT FOR
GROUNDWATER SAMPLING
AT NWS EARLE COLTS NECK, NEW JERSEY

Permit No. Date: Time: From to

SECTION I: General Job Scope
I. Work limited to the following (description, area, equipment used): Groundwater sampling.
Il.  Required Monitoring Instrument(s): FID or PID with 11.3 eV (or higher) lamp source
L. Field Crew: '

IV.  On-site Inspection conducted [ ] Yes [ No Initials of Inspector

TINUS
SECTION lI: General Safety Requirements (To be filled in by permit issuer)
IV. Protective equipment required ' Respiratory equipment required
LevelD X Level B[] Yes [] (see reverse)

Level C [] Level A [] No O

Modifications/Exceptions: Minimum _requirement include sleeved shirt and jong pants, safety footwear, safety
glasses and nitrile gloves. Hard hats and hearing protection will be worn when working near operating equipment
and or when required by the facility.

V. Chemicals of Concern Action Level(s) Response Measures
Chloroform and Sustained breathing zone Retreat to an unaffected area
Methylene choloride readings > 5.0 ppm Contact the PHSO for

_gquidance.

NOTE: SSO to complete all entries in remaining sections, marking “Yes”, “No”, or “NA” as appropriate

VI. Additional Safety Equipment/Procedures

Hard-hat .......ccoveveceeeeeenreecenenns [ Yes [1No Hearing Protection (Plugs/Muffs) ........ {(JYes [ONo
Safety Glasses .......ccceeoveeverveenne. Xl Yes [1No Safety beltharness......ccccococeveceennnen.. [ Yes No
Chemical/splash gogglés............. [JYes XINO  Radio....cccoceeveieieeerceree e [J Yes XK No
Splash Shield .........ccceeevervvrnennnnne. [JYes N0 Barficades......ccooeeeceveececrereeeeeieeeeees 1 Yes B No
Splash suits/coveralls .................. [JYes [JNo Gloves (Type - Nitrile) .....co.cccevreerrennen. B4 Yes [ No
Steel toe Work shoes orboots....[Yes [JNo  Work/rest regimen ................. terenteenas 1 Yes K No

Modifications/Exceptions:_Tyvek coverall if there is a potential for soiling work cloths and PVC or PE coated Tyvek
and rubber boots if saturation or work cloths/boots may occur. Reflective vest for high traffic areas. Hearing

protection when sampling near operating drill rig.

VIl. Procedure review with permit acceptors Yes NA ' Yes N
Safety shower/eyewash (Location & Use)........... O O Emergency alams.................... d |
Procedure for safe job completion .............cco.c.... O O Evacuation routes.......cccecerueene | ]
Contractor fools/equipment/PPE inspected......... ] Assembly points ........c.cceernnen.. ] [

Vill.  Equipment Preparation Yes No NA
Utility Locating and Excavation Clearance completed..........ocovrrueeevecncnnernnevesvensene. 1 O O
Equipment and Foot Traffic Routes Cleared and Established........c...cccoeeeecerueciereerrnnnen O O O
Physical Hazards Barricaded and ISOIAted .........cccverrereecrcninicrermnncsesereneee s eseeseserens | O 0
Emergency EQUIPMENT STAGEMA -.....cco.evrerrireitrcretreeee et eseces e eesensesreess O O g

IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ........ccccvueunn. CdYes X No

If yes, complete permit required or contact Health Sciences, Pittsburgh Office

X. Special instructions, precautions: _Contaminants were previously detected at low concentrations that are unlikely
to present a significant exposure potential (particularly via inhalation). However, air monitoring with FID/PID will be
performed as a precautionary measure.

Permit Issued by: Permit Accepted by:

mmsamplingpermit CTO 0851



SAFE WORK PERMIT
DECONTAMINATION ACTIVITIES
NWS EARLE COLTS NECK, NEW JERSEY

Permit No. Date: Time: From to

SECTION I: General Job Scope
I. Work limited to the following (description, area, equipment used): _Decontamination of sampling equipment

" and machinery (i.e., drill rigs, augers, excavating equipment, etc.). Brushes and spray bottles will be used to

decon small sampling equipment, Pressure_washers or steam cleaning units will be used to decon the

augers, drill rigs, and other heavy equipment such as the backhoe or excavator.

Il.  Required Monitoring Instrument(s): FID or PID with 11.3 eV (or higher) lamp source (to screen equipment)
ill.  Field Crew: '

IV. On-site Inspection conducted PJd Yes  [] No Initials of Inspector

TINUS

SECTION ll: General Safety Requirements (To be filled in by permit issuer)
IV.  Protective equipment required Respiratory equipment required
Level D [X] Level B[] Yes [] (see reverse)
Level C [J Level ALD No

Modifications/Exceptions: _Minimum requirement include sleeved shirt and long pants, safety glasses,
safety footwear, and nitrile gloves. When using pressure washers, field crews will wear hearing protection,
and face shields. :
V. Chemicals of Concern
Potential site contaminants
include VOCs, metals, PCBs
and pesticides

Response Measures
If airborne readings are
observed, repeat decon
procedure

Action Level(s)
Elevated readings are not
anticipated to be
encountered

NOTE: SSO to complete all entries in remaining sections, marking “Yes”, “No”, or “NA” as appropriate

V1. Additional Safety Equipment/Procedures

Hard-hat ..o rerminmreeereescrennes [JYes CINo  Hearing Protection (Plugs/Muffs)......] Yes [ No
Safety Glasses .....ccveerereeacreenens X Yes [ No Safety belt/harness........ccccceeveveeenens O Yes K No
Chemical/splash goggles .............. [ Yes X No [ FET0 T SO [J Yyes X No
Splash Shield .......ccocoeevrervcecreennee. X Yes [JNo Barficades ...........ooerceereceeeereeeseeneens d Yes K No
Splash suits/coveralls.........c..c....... [ Yes [ No Gloves (Type - Nitrile).......ccecervrvennene. X Yes [ No
Steel toe Work shoes or boots...... XKyes []No Work/rest regimen........ceevcucevereneene. [ Yes [XI No

Modifications/Exceptions:_PVC rain suits or PE or PVC coated Tyvek for protection against splashes and
overspray. Chemical resistant boot covers if excessive liquids are generated or to protected footwear. Hard hats
may be necessary when using a face shield.

VH. Procedure review with permit acceptors Yes NA ' Yes NA
Safety shower/eyewash (Location & Use).......... O O Emergency alarms .................. (M [l
Procedure for safe job completion ..................... Evacuation routes........c........... Il |l
Contractor tools/equipment/PPE inspected .......[1 [J Assembly points ..........cccco.iuen. | ]

VHl. Equipment Preparation ' Yes No NA

Utility Locating and Excavation Clearance COMPIEted ..........couvevverevecceervevcessneveesesnees O O 0
Equipment and Foot Traffic Routes Cleared and Established..............c.coceeevereerivennens 0O o J
Physical Hazards Barricaded and 1SOIAted .............ccoceeeueureeeeerseseseereeesereeeeessnens R O 0O 0O
Emergency EQUIPMENt SLAGET .......cocereriveeeeriretreeeeiervrestresscsee s ssssssnseesssessasrnsrases O O o
IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ......c.ccccceuennne OOYes X No

If yes, complete permit required or conlact Health Sciences, Pittsburgh Office

X. Special instructions, precautions:_Chemical hazards may exist with decontamination procedures given the use
of fluids such as isopropyl alcohol, etc. To minimize the potential for exposure, site personnel will use PPE and
prevent contact with potentially contaminated equipment. Previous analytical data indicates low concentrations
of potential contaminants of concern. Refer to the manufacturer's MSDS regarding PPE, handling, storage.
and first-aid measures related to decontamination fluids. Use caution when using pressure washeis.

Permit issued by: Permit Accepted by:

deconpermit CTO 0851



SAFE WORK PERMIT FOR
SURVEYING ACTIVITIES
NWS EARLE COLTS NECK, NEW JERSEY

Permit No. Date: Time: From to

SECTION I: General Job Scope
. Work limited to the following (description, area, equipment used): Surveying and associated activities

Il.  Required Monitoring Instruments: None

Hl.  Field Crew:
V. On-site Inspection conducted [1Yes [] No Initials of Inspector

TtNUS
SECTION II: General Safety Requirements (To be filled in by permit issuer)
IV.  Protective equipment required Respiratory equipment required
Level D [ Level B[] Yes [] (see reverse)
Level C [] LevelA[] No

Modifications/Exceptions: Minimum requirements include sleeved shirt and long pants and safety footwear.
Safety glasses, hard hats, and hearing protection will be wom when working near operating equipment. Rubber
boots or hip waders if activities place personnel in areas of water. Safety glasses and Tyvek if working in brush or
wooded areas. Wear insect repellant (Permanone on clothing and DEET on skin)

V. Chemicals of Concem Action Level(s) Response Measures
None anticipated given the None
nature of activities and
limited contact w/ media.

NOTE: SSO to complete all entries in remaining sections, marking “Yes”, “No”, or “NA” as appropriate
VI. Additional Safety Equipment/Procedures

Hard-hat ..c.c.ioeeeeeeeeeeeeeeeeeeeee e [ Yes [1No Hearing Protection (Plugs/Muffs) .... [] Yes [X] No
Safety Glasses ......c.ocoeveeveeeeevrinnns [JYes [J No Safety belt/harness ........cccoccceeevenene. 1 Yes X No
Chemical/splash goggles................ [ Yes X No RAIO....ccvoeereeeeeeeeeeeeeeeres e [d Yes I No
Splash Shield......cccocoevevevrrirnnns [ Yes X No Barricades ......cccoccovveiiieieeeeeeeerieen [ Yes X No
Splash suits/coveralls ..................... [1Yes [JNo Gloves (Type - Work) .....cccccevvecereeene. J Yes [dNo
Steel toe Work shoes or boots........ [Yes [ No Work/rest regimen..........ccceucevevenene. [0 Yes [ No

Modifications/Exceptions:_Tyvek coverall to protect against natural hazards (e.g., ticks). If working in areas where
snakes are a threat, wear snake chaps to protect against bites.

Vil. Procedure review with permit acceptors Yes NA ' Yes NA
Safety shower/eyewash (Location & Use)........... 0 o0 Emergency alarms ................... 'l ]
Procedure for safe job completion.........c............ O Od Evacuation routes............iouvun. O ]
Contractor tools/equipment/PPE inspected ........ O Od Assembly points............cceuee.... O ]

VHI. Equipment Preparation : Yes No NA

Utility Locating and Excavation Clearance COMPIEted.........oeuveueccreeneerenersiesseseesenees O 0O 4
Equipment and Foot Traffic Routes Cleared and Established............cccecovvveeereeeecereiane B O O
Physical Hazards Barricaded and ISOIAted ..........c.cceeceerirerernineisierecc e e O O  0Od
Emergency EQUIPMENt SIA0E.......oveueuereeeeeeeieeeceeceteveeeeeeeeeseesee e emsebersessesssesassenns O 0o 0

VIl. Procedure review with permit acceptors Yes NA Yes NA
Safety shower/eyewash (Location & Use)........... a d Emergency alarms .........ccceeuee. O |
Procedure for safe job completion ...................... | Evacuation routes.........c.cceeeue. |} O
Contractor tools/equipment/PPE inspected ........ 0 d Assembly points..........ccccccenee. ] ]

_VIIl. Equipment Preparation Yes No NA
Utility Locating and Excavation Clearance completed............ccoceeuvvevvereceeeeuereeseeeeneennnas O O 0O
Equipment and Foot Traffic Routes Cleared and Established......c.c.cccceveeceeierceeccncencann. O 0O [
Physical Hazards Barricaded and ISOIAted...........ccceevereicriveniinecvcieeeeressesesesesessesesesenens O O O
Emergency EQUIPIMENt SEAgd........ccoueecoiereuecieeeieee et vesreesese s eve s s e snsens O O o

IX. Additional Permits required (Hot work, confined space entry, excavation etc.). .................... OYes K No

If yes, complete permit required or contact Health Sciences, Pittsburgh Office

X. Special instructions, precautions:_Preview work locations to identify potential hazards (slips, trips, and falls, natural
hazards, etc.) Avoid potential nesting areas. Wear light colored clothing so that ticks and other biting _insects can
be easily visible and can be removed. Inspect clothing and body for ticks. Minimize contact with potentially
contaminated media. Suspend site activities in the event of inclement weather. o

Permit Issued by: Permit Accepted by:

surveypermit CTO 0851



ATTACHMENT V

 MEDICAL DATA SHEET



MEDICAL DATA SHEET

This Medical Data Sheet must be completed by all on-site personnel and kept in a central location during
the execution of site operations. This data sheet will accompany any personnel when medical assistance
is needed or if transport to hospital facilities is required.

Project
-Name : Home Telephone
Address

Age Height Weight

Name of Next Kin

Drug or other Allergies

Particular Sensitivities

Do You Wear Contacts?

Provide a Checklist of Previous llinesses or Exposure to Hazardous Chemicals

What medications are you presently using?

Do you have any medical restrictions?

Name, Address, and Phone Number of personal physician:

| am the individua! described above. | have read and understand this HASP.

Signature Date



ATTACHMENT VI

TICK / LYME’S DISEASE INFORMATION



TICK CONTROL
AND
LYME DISEASE

The occurrence of Lyme disease has become a worldwide problem since its identification in 1976. This
disease is characteristically recognized as being transmitted by ticks, which may be encountered by field
~ personnel while working at this site. As a result, this discussion has been included with this Health and
Safety Plan to provide for adequate recognition, evaluation, and control efforts to minimize the occurrence

and effects of this potential hazard.

The discovery of Lyme disease is credited to Dr. Allen Steere .of Yale University Medical School, and is
named after the community where it was (reportedly) first encountered, Lyme, Connecticut. This disease can
be transmitted to man through the bite of ticks that are infected with a cork screw-shaped microbe
(spirochete). The spread of this disease has been so rapid that in 1984 it surpassed Rocky Mountain Spotted
fever as the most common tick-borne disease in the United States. In this country, most of the incidents of
this disease have been recorded in the Northeast, and the tick species most commonly attributed with its
spread is the deer tick.

Recognition

This hazard potential exists primarily in the spring and summer months, as these are the seasons that tick
populations and activity flourish. In fact, 90 percent of the reported cases have occurred from early June
through September. Also, this concern exists primarily in heavily vegetated areas. Therefore, recognition of

these factors can aid in the awareness and control of this threat.

To aid in the recognition and identification of these insects, an example illustration of the tick species
common to the region where this site is located has been included with this discussion. This species (the
American Dog tick) is common in the eastern half of the United States, and typically exists in areas covered
with grass or underbrush. These insects will attach themselves to animals (including man) that pass through
the area and rub against them. After finding a host, the tick inserts its mouthparts and sucks blood until it is
fully engorged. This requires a time period of three to twelve days, then the tick will drop off. In addition to
Lyme disease concems, this tick has also been identified as a transmitter of Rocky Mountain Spotted Fever,
and the organisms of tularemia and possibly relapsing fever. The wounds left by tick bites can be painful, -

and can also have a paralyzing effect commonly referred to as tick paralysis.



The earliest symptom of the onset of this disease is the occurrence of an unusual red skin rash. This is
commonly the first indication since it has been evidenced that many persons who have contracted this
disease were, in fact, unaware that they had been bitten. This rash can appear at the site of the bite
anywhere from several days to a few weeks after the bite. It typically starts as a small red spot, and then
expands as the spirochetes expand from the bite location. Rash sizes can vary, but have been most
commonly associated in a 2 to 3 inch diameter size range. This rash will fade (with or without treatment) after
a few weeks. Close inspection is necessary to detect this symptom as the rashes are easy to miss because
they're often very faint. Body sites where rashes frequently occur include the thigh areas, groin, and armpits.

Also, it is not uncommon for a rash to develop in more than one place.

Other early symptoms include profound fatigue, a stiff neck, and flu-like symptoms such as headache, chills,
fever, and muscle aches. Recognition of the onset of any of these symptoms is important since tick bites do
not always produce a rash. If left untreated, the disease will progress to its second stage within weeks or
months after the infection. This stage involves affects to the heant and nervous system. A common second
stage symptom is a paralysis on one or both sides of the face. Others include severe headache,
encephalitis, or meningitis. The third and final stage involves the development of chronic inflammatory
arthritis, which can occur up to a year or more after the bite.

Evaluation

Evaluation of this hazard potential principally involves field personnel performing close self-inspections for the
presence of ticks each time they leave the site. This should involve careful examination, especially of the
individuals' heads. Personnel should be aware that when a tick attaches itself to its host, it inserts its entire
head under the surface of the skin.

Control

Control of this threat involves several components. First, field personnel must be aware of the climate and
area conditions which are commonly associated with being conducive to tick infestation. Second, when
working in or walking through potential infested areas, personnel must ensure that they do not have exposed
body parts (i.e. at least long sleeved shirts and long pants, particularly when protective coveralls are not
worn). In heavily vegetated areas where infestation is likely, Tyvek coveralls will be required to minimize this
hazard potential. Also, several commercial products have been demonstrated as being effective in repelling
ticks. Examples include Permanone, Offl, and Cutter. These types of repellents will be used at the direction
and discretion of the Tetra Tech NUS Health and Safety Officer, and only in accordance and observation of
manufacturer's recommendations. In most instances, however, such repellents are typically applied to the
outside surfaces of clothing (and not directly onto the skin), and should be applied also to shoe tops, socks,

pants cuffs, and other areas most susceptible to ticks.



Tick Removal

In the event that a tick is discovered to be attached to a member of the field team, timely removal of the insect
is critical to reducing the potential for contracting the disease. According to available information and
research, there is apparently a grace period of at least a few hours from the time of the bite before the tick
transmits the microbe (the spirochetes are not present in the mouth parts of the tick). However, the incident
of a tick bite is frequently unnoticed, and the discovery of the tick may not occur until after this suspected
grace period has already elapsed. Therefore, timely removal is very important. The preferred method of tick
removal is to pull it out using tweezers or small forceps. In this methoéi, the tick should be grasped as close
to the mouth as possible, and then pulled steadily upward. Care must be exercised so as not to pull in a
jerking motion as this can result in the head becoming detached. After the tick has been removed, disinfect
the bite with rubbing alcohol or povidone iodine (Betadine). The tick must not be handled as the microbes
can enter the body through any breaks in intact skin. The bite should be checked occasionally for at least a

two-week period to see if a rash forms. [f it does, medical attention must be promptly sought.

In order to provide for proper and timely response to the occurrence of a tick bite, the SSO will ensure
that the site First Aid kit is properly equipped with medical forceps and rubbing alcohol, in addition to the
standard kit contents. Also, an adequate supply of commercial insect (tick) repellents will be maintained
on-site, and all personnel will be trained in its proper application and will be required to use it, at the
direction of FOL.



APPENDIX B

FIELD FORMS



| Tetra Tech NUS, Inc.

BORING LOG Page —of

PROJECT NAME:

BORING No.:
PROJECT NUMBER: : DATE:
DRILLING COMPANY: GEOLOGIST:
DRILLING RIG: DRILLER:
MATERIAL DESCRIPTION PID/FID Reading (ppm}l
Sample} Depth| Blows/ | Sample | Lithology U i :
No. {Ft.) 6" or |Recovery] Change S
and or RQD / (Depth/Ft) c iz :
Type or] Run (%) Sample or Remarks -
RAGD | No. Length | Screened S 5
Interval i T
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area

Remarks:

Background (ppm):

Converted to Well: Yes No Well I.D. #:




Tetra Tech NUS, Inc.

EQUIPMENT CALIBRATION LOG

PROJECT NAME : INSTRUMENT NAME/MODEL.
SITE NAME: MANUFACTURER:
PROQJECT No.: SERIAL NUMBER:
Date Instrument Person Instrument Settings Instrument Readings | Calibration Remarks
of 1.D. Performing Standard and
Calibration | Number Calibration (Lot No.) Comments

.
L e e e o o O e e e A s e e e

i

L U R




FIELD ANALYTICAL LOG SHEET

GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Page __ of _
Project Site Name: Sample ID No.:
Project No.: Sample Location:
Sampled By: Duplicate:
Field Analyst: Blank: '
Field Form Checked as per QA/QC Checklist (initials)
Date: . Color pH S.C. Temp. Turbidity Salinity Other
Time: (mS/cm) (NTU) (%) .
SAMPLECOELECTIQ INIARAL VSIS INEFORMATIO s
ORP (Eh) (+/- mv): Electrode Make & Model:
' Reference Electrode (circle one): Silver-Silver Chloride / Calomel / Hydrogen
Dissolved Oxygen:
Equipment: HACH Digital Titrator OX-DT CHEMetrics (Range: mg/L) Analysis Time:

Range Used: Range Sample Vol. ICartridge I Multiplier Titration Count Multiplier Concentration
1-5 mg/L 200 ml 0.200 N 0.01 x 0.01 = mg/L
2-10 mg/L 100 mt 0.200 N 0.02 x 0.02 = mg/L

CHEMetrics: mg/l.

Notes:

Alkalinity: Analysis Time:
Equipment: HACH Digital Titrator AL-DT CHEMetrics (Range: mg/l) Filtered:

Range Used: Range Sample Vol. |Cartridge ] Multiplier Titration Count Multiplier I Concentration
10-40 mg/L 100 mi 0.1600 N 0.1 & x 0.1 = mgiL
, 40-160 ma/L 25ml  0.1600N 04 & x0.4 = malL
100-400 mg/L 10m  1600N 10 & x 1.0 = mol
200-800 mg/L 50 mi 1600N 2.0 & x20 .= mgiL
500-2000 mg/L 20 mi 1.600 N 5.0 & x 5.0 = mg/L
1000-4000 mg/L 10 mi 1.600 N 10.0 & x 10.0 = mg/L

Parameter: Hydroxide Carbonate Bicarbonate
Relationship:
CHEMetrics: mg/t
Notes: .
Standard Additions: Titrant Molarity: Digits Required: 1st.: 2nd.. 3rd.:
Carbon Dioxide:
Equipment: HACH Digital Titrator CA-DT CHEMetrics (Range: mg/L) Analysis Time:

Range Used: Range lSample Vol. |Cartridge | Multiplier Titration Count I Concentration
10-50 mg/L 200 ml 0.3636 N 0.1 x 0.1 = mg/L
20-100 mgiL 100ml  03636N 0.2 X 0.2 = mg/L
100-400 mg/L 200 ml 3.636 N 1.0 x 1.0 = mg/L -
200-1000 mg/L 100 ml 363N 20 x2.0 = mg/L

CHEMetrics: mg/L
Notes:
Standard Additions: Titrant Molarity: Digits Required: 1st.: 2nd.: 3rd.:




PAGE 2
FIELD ANALYTICAL LOG SHEET

GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Page __of __
" Project Site Name: Sample ID No.:
Project No.: Sample Location:
Sampled By: Duplicate:
Field Analyst: , . Blank:
Field Form Checked as per QA/QC Checklist (initials): |
Sulfide (S%):
[Equipment: DR-700 PR-8 _ _ HS-WR Color Wheel Other: Analysis Time:
Program/Module: 610nm 93
Concentration: mg/L Filtered:
Notes:
Sulfate (S0,%): |
Equipment: DR-700 DR-8 _ _ Other: Analysis Time:
Program/Module: 91
Concentration} mg/L Filtered:
Standard Solution: Results:
Standard Additions: Digits Required: 0.1ml: 0.2ml: 0.3ml:
Notes:
Nitrite (NO,-N): Analysis Time:
Equipment: DR-700 DR-8 _ _ Other: Filtered:
Program/Module: 60
Concentration: mg/L Reagent Blank Correction
Standard Solution: Results:
Notes:
Nitrate (NO;-N): _ v Analysis Time:
Equipment: DR-700 DR-8 _ _ Other: Filtered:
Program/Module: 55 ' '
Concentration: mg/L
Nitrite Interference Treatmen
- |Standard Solution: Results: Reagent Blank Correction
Standard Additions: Digits Required: 0.1ml: 0.2mk: 0.3mi:
Notes:




* Tetra Tech NUS, Inc.

FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS:

Page __ of

PAGE 3

Project Site Name:

Fiel

Manganese (Mn®’):

d Form Checked as per QA/QC Checklist (initials):

DR-8 Other:

Sample ID No.:

Project No.: Sample Location:
Sampled By: Duplicate:
Field Analyst: Blank:

Equipment: DR-700 o HACH MN-5 Analysis Time:

Program/Module: 525nm 41 ‘

Concentration: mg/L Filtered:
Digestion:

Standard Solution: Results: Reagent Blank Corre;:tion

Standard Additions: Digits Required: 0.1ml: 0.2ml; 0.3ml:

Notes:

Ferrous Iron (Fe*):

Equipment: DR-700 DR-8 _ _ IR-18C Color Wheel Other: Analysis Time:

Program/Module: 500nm 33

Concentration: mg/L Filtered:

Notes:

_{Hydrogen Sulfide (H.S):

Equipment: HS-C Other: Analysis Time:

Concentration: mg/L Exceeded 5.0 mg/L range on color chart:

Notes:

QA/QC Checklist:

All data fields have been completed as necessary:

Correct measurement units are cited in the SAMPLING DATA block:
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: .
Mulitplication is correct for each Multiplier table:

Final calulated concentration is within the appropriate Range Used block:
Alkalinity Relationship is determined appropriatly as per manufacturer (HACH) instructions: )
QAJQC sample (e.g., Std. Additions, etc.) frequency is appropriate as per the project planning documents:

Nitrite Interference treatment was used for Nitrate test if Nitrite was detected:
Title block on each page of form is initialized by person who performed this QA/QC Checklist:




etra Tech NUS, Inc.

Project Name:

GROUNDWATER LEVEL MEASUREMENT SHEET

Project No.:

Location:

Personnel:

Weather Conditions:

Measuring Device:

Tidally Influenced:

No Remarks:

* All measuremerits to the nearest 0.01 foot

Page of



T | reve recn s e GROUNDWATER SAMPLE LOG SHEET

Page___of __ _
Project Site Name: Sample ID No.:
Project No.: Sample Location:
Sampled By:
[ Domestic Well Data C.0.C. No.:
[l Monitoring Well Data ' Type of Sample:
[] Other Well Type: 0 Low Concentration
[ QA Sample Type: ] High Concentration
SAMPLING DATA o .
Date: Color pH S.C. Temp. Turbidity DO Salinity Other
Time: (Visual) (S.U) | (mSicm) (’C) (NTU) (mg/l) (%)

Date: Volume pH S.C. Temp. Turbidity DO Salinity Other
Method: ]
Monitor Reading (ppm):

Well Casing Diameter & Material

Type:

‘ITotal Well Depth (TD):
Static Water Level (WL):
One Casing Volume(gal/L):
Start Purge (hrs):

End Purge (hrs):

Total Purge Time (min):

Total Vol. Purged (gal/L):
[SAMPLE COLLECTION INFORMATION R : L
Analysis Preservative Container Requirements Collected

OBSERVATIONS I NOTES:

Circle if A‘;plicable:???‘ e
MS/MSD Duplicate 1D No.:




Li-

Tetra Tech NUS, Inc.

HYDRAULIC CONDUCTIVITY

TESTING DATA SHEET

il

PROJECT NAME: . WELL/BORING NO.: ..o .
2421 o2 o Yo GEOLOGIST: ... —
WELL DIAMETER: ..oovooosoorerern. SCREEN LENGTH/DEPTH: . TEST NO.: e,
STATIC WATER LEVEL (Depth/Elevation): (078 1 3
2| TEST TYPE (Rising/Falling/Constant Head): . CHECKED:
Q METHOD OF INDUCING WATER LEVEL CHANGE: . ‘ PAGE .....OF ...........
S v
S REFERENCE PT. FOR WL MEAS. (Top of Casing, TranSAUCEr, 1C.): .........ccocoeonscemoeremeeseeeosseemseesenessssssemessenssne
[\
. ELAPSED MEASURED DRAWDOWN ELAPSED MEASURED DRAWDOWN WELL SCHEMATIC
2 TIME WATER LEVEL |OR HEAD (AH) TIME WATER LEVEL JOR HEAD (AH) T
2 (min. or sec.) (feet) (feet) (min. or sec.) (fest) (feet) WELL ¢
2
3 BOREHOLE @
[&]
e
J
S - I Deptha (T0C)
& 2]
S
<C
s
B
Z
e
Sk
~NE 5
g
<
S
X indicate sw.
Depth on Drawing
1
: REMARKS:
7
s =

N e o~

Iy

CALCS,SKETCH MAPS, ETC:

“




o

PROJECT SITE NAME:
PROJECT NUMBER:

LOW FLOW PURGE DATA SHEET

WELL iD.:
DATE:
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\
1.0 PURPOSE

The purpose of this procedure is to provrde general reference ‘information regarding the sampling of
groundwater wells.

20 . SCOPE

This procedure provides information on proper sampling equipment, onsite water quality testing, and
techniques for groundwater sampling. Review of the information contained herein will facilitate planning of
the field sampling effort by describing standard sampling technigues. - The techniques described shall be
followed whenever applicable, noting that site-specific conditions or project-specific -plans may require
modifications to methodology. . .

3.0 GLOSSARY

Conductivity — Conductivity is a numerical expression of the ability of ‘an aqueous solution to carry an

electric current. This ability depends on the presence of ions, their total concentration, ‘mobility, valence,
and relative concentrations, and on. temperature of measure. - Conductivity is highly dependent on
temperature and should be reported at a particular temperature, i.e., 20.2 mS/cm at 14°C

Dissolved Oxygen (DQ) — DO levels in natural and wastewater depend on- the physrcal chemrcal and>
blochem:cal activities in the water sample.

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducmg species as
determined by the electromotive force developed by a noble ‘metal electrode rmmersed in water, as .
referenced against a standard hydrogen electrode.

pH - The‘negatnve Iogarlthm (base 10) of the hydrog’en'lon activity. The h'ydvrogen ion acnvn'y is related to
the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal Thus for all
practical purposes, pH is a measure of the hydrogen ion concentration. -

QH Paper - Indicator paper that turns different colors depending on. the pH of the solution to which it is
exposed. Comparison with color standards supplied by the manufacturer will then g|ve an |nd|catlon of the
solution's pH. : . . : .

Salinity — The measurement of dissolved salts in a given mass of solution. Note: ‘most field meters
determined salinity automatically from conductivity and temperature. The displayed value will; be displayed
in either parts per thousand (ppt) or % (e.g., 35 ppt will equal 3.5%). .

Turbrdny - Turbrdlty in water is caused by suspended matter, such as clay, silt, fine organic and inorganic
matter. . Turbidity is an expression. of the optical property'that causes light to be scattered and absorbed
rather than transmitted in a straight line through the sampie :

4.0 RESPONSIBILITIES

Project Hydrogeologist - Responsible for selecting. and detailing the specific groundwater sampling
techniques, onsite water quality testing (type, frequency, and location), and equipment to' be .used, and
providing detailed input in this regard to the project plan documernts. The project. hydrogeologist is also
responsible for properly briefing and overseeing the performance of the site samphng personnel.

019611/P _ ’ : Tetra Tech NUS, Inc. .
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Project Geologist/Field Sample Technician - is primarily responsible for the proper acquisition of the

groundwater samples. He/she is also responsible for the actual analyses of onsite water quality samples,

as well as instrument calibration, care, and maintenance. When appropriate, such responsibilities may be
performed by ether qualified personnel (e.g., field technicians).

5.0 PROCEDURES
5.1 General

To be useful and accurate, a groundwater sample must be representative of the particular zone of the
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be
maintained from the time of sampling to the time of analysis in order to keep any changes in water quality
parameters to a minimum. '

Methods for withdrawing samples from completed wells include the use of pumps, compressed air,
bailers, and vatious types of samplers. The primary considerations in obtaining a representative sample
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical or
chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little or
no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in the
screened -section will mix with the groundwater due to normal flow paiterns, but the well water above the
screened section will remain isolated and become stagnant. To safeguard against collecting non-
representative stagnant water in a sample, the following approach shall be followed prior to sample
acquisition:

1. All_monitoring wells shall be purged prior to obtaining a sample. Evacuation of three 1o five
volumes is recommended prior to sampling. In a high-yielding groundwater formation and where
there is no stagnant water in the well above the screened section, exiensive evacuation prior to
sample withdrawal is not as critical.

2. For wells that can be purged dry, the well shall be evacuated and allowed to recover to 75% full
capacity prior 10 sample acquisition. I the recovery rate is fairly rapid, evacuation of more than
one volume of water is required.

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is no absolute

safeguard against contaminating the sample with stagnant water. One of the following techniques

shall be used to minimize this possibility:

.« A submersible pump or the intake line of a surface pump or bailer shall be placed just below
the water surface when removing the stagnant water and lowered as the water level drops.
Three to five volumes of water shall be removed to provide reasonable assurance that all
stagnant water has been evacuated. ‘Once this is accomplished, a bailer or other approved
device may be used to collect the sample for analysis.

e The intake line of the sampling pump (or the submersible pump itself) unless otherwise
directed shall be placed near the center of the screened section, and approximately one
casing volume of water shall be pumped from the well at a low purge rate, equal to the well's
recovery rate (low flow sampling).

Stratification of contaminants may exist in the aquifer. Concentration gradients as a result of mixing and
dispersion processes, layers of variable permeability, and the presence of separate-phase product (i.e.,

019611/P
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floating - hydrocarbons) may cause stratification. Excessive pumping or improper sampling methods can
dilute or increase. the contaminant concentrations in the recovered- sample compared to what is
representative of the integrated water column as it naturally occurs at that point, thus the result is the
collection of a non-representative sample.

5.2 Sampling, Monitoring, and Evacuation Equipment
Sample containers shall conform with the guidelines expressed in SOP SA-6.1.

The following equipment shall be on hand when samplmg groundwater wells (reference SOPs SA-6.1 and
SA-71):

s Sample packaqinq and _shipping equipment - Coolers for sample shipping and cooling, chemical
~ preservatives, appropriate sampling containers and filler, ice, labels and chain-of-custody documents.

» Field tools and instrumentation - Multi—perametersywater quality meter capable of measuring ORP, pH,
temperature, DO, specific conductance, turbidity and:salinity or individual meters. (as applicable), pH
paper, camera and film (if appropriate), appropriate keys (for locked wells), water level indicator.

. PUmgs .

- Shallow-well pur_npS:_ Centrifugal, bladder, suction, or peristaltic pumps with droplines, air-lift
apparatus’ (cor’r_ip’reesor and tubing). where applicable:

- Deep-well pumps: Submersrble pump and electrical power-generating unit, or bladder pumps
where applicable. -

e - Other sampling equibment - Bailers and inert line with tripod-pulley assembly (if necessary).

o Pails - Plastic, graduated.

"« Decontamination solutlons - Deionized water, potable water, laboratory detergents 10% nitric acid
solution (as required), and analytlcal grade solvent (e. g pesticide-grade isopropanol), as required.

Ideally sample withdrawal equrpment shall be completely inert; economrcal easily cleaned, cleaned prior
to use, reusable, able 1o operate at remote sites in the absence of power sources, and capable of
delivering variable rates for well purging and sample collectron

53 Calculatlons of W.ell Volume

To insure that the proper volume of water has been removed from the well prior to sampling it is first
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated by
the following method. - Calculations shall be entered in the site Iogbook or field notebook or on a sample
log: sheet form (see SOP SA-6. 3)

e Obtain all avallable_ Informatrqn on well construction (ioCation, casing, screens, etc:).

_5 Determine well orinner casing diar'_neter.

e Measure and record static water level (depth below ground level or top of e_asing reference point}.

» Determine depth of well by sounding using a clean, decontaminated, weighted tape measure.

-019611/P
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e Calculate number of linear feet of static water (total depth or length of well pipe minus the depth to
static water level).

» Calculate one static well volume ingallons V = (0‘1 63 XT Xr2)1

where: V Static volume of well in gallons.

T= ~ Thickness of water table in the well measured in feet (i.e., linear
feet of static water).
Inside radius of well casing in inches.
A -constant conversion factor which compensaies for the
conversion - of the casing radius from inches to feet, ‘the
conversion-of cubic féet to gallons, and pi.

ro
0.163

nn

. Per evacuatlon volumes discussed above, determlne the minimum amount to be evacuated before
sampling.

5.4 Evacuation of Static Water (Purging)
5.4.1 General

The amount of purging a well shall receive priot“ to sample collection will depend on the intent of the
monitoring program andthe hydrogeologic conditions. Programs to determine overall quality of water
resources may require long pumping periods to obtain a sample that is representative of a large volume of
that aquifer. The pumped volume.may-be specitied prior to sampling so that the sample can be a
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters
such as temperature, specific conductance, pH, and’ turbidity (as ‘applicable), have stabilized. Onsite
measurements of these parameters shall be recorded in the snte logbook, field notebook, or on
standardized data shests.

.5.4.2 Evacuation ‘Devices

The following discussion is limited to those devices - commonly used at hazardous. waste sites.
Attachment A provides guidance on the proper evacuation device to use for given sampllng situations.
Note that all of these techniques involve equipment which is portable and readily avallable

Bailers

Bailers are the simplest évacuat_ion devices used and have many advantages. They generally consist of a
length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a ball
check-valve at the bottom. . An inert line is used to lower the bailer and retrieve the sample:

Advantages of bailers include:

e Few limitations on size and materials used for ballers
No external power source needed.

» Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of cross-
contamination.

* Bailers are relatively easy to decontaminate.

Limitations on the use of bailers include the following:

019611/P Tetra Tech NUS, Inc.
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» ltis time consuming to remove stagnant water using a bailer.

» Transfer of sample may cause aeration.

* Use of bailers is physically demanding, especially in warm temperatures at protection levels above
Level D.

Suction Pumps

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, and
peristaltic pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping
rate and for sampling at a low pumping rate. The peristaltic pump is a low volurne pump that uses rollers
to squeeze a flexible tubing, thereby creatrng suction, Thrs tubing can be dedrcated to a well to prevent
cross contamination.

These- pumps are all portable, inexpensive and readily available. However, because they are based on
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved
gases and.volatile organics.

Air-Lift Samplers

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi 1o force
the waterup a sampling tube. These pumps are also relatrvely inexpensive; Arr (or gas)-lift samplers are
more suitable for well development than for'sampling because the samples may be aerated, leading to pH
changes and subsequent trace metal precrprtatron or loss of volatile organics. .

Submersible Pumps

-Submersible pumps take in water and push the sample up a sample tube to the surface. The power
sources for these samplers may be compressed gas or electricity. - The operation. principles vary and:the
displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller. Pumps -
‘are available for 2-inch-diameter wells and larger. ‘These pumps can lift water from considerable depths
(several hundred feet) .

. Limitations of this class of pumps include:

' They may have low delivery rates.
“ Many models of these pumps are expensive.
* Compressed gas or electric power is needed. . .
- .Sediment in water may cause cloggmg of the valves or eroding the lmpellers with some of these
pumps.
e Decontamination of internal components can be dlffrcult and time-consuming.

5.5 ' Onsite Water Quality Testing

This section describes the procedures and equipment required to measure the following'parameters of an
agueous sample in the field:

e pH

» Specific Conductance

o Temperature

« Dissolved Oxygen (DO}

¢ Oxidation-Reduction Potential (ORP)
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_ s Turbidity
s  Salinity

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted at
a hazardous or nonhazardous site. The procedures and equipment described are applicable to
groundwater samples and are not, in general,. sub;ect to solution interferences from color, turbldlty, and
colloidal material or suspended matter.

This section prowdes general information for measuring the parameters listed above with instruments and"

" techniques in common use. - Since instruments from different manufacturers may vary, review of :the
manufacturer's literature pertaining to the use of a specific instrument is requnred before use. Most meters»

~ used to measure field parameters require calibration on a daily basis. “Refer to SOP 6.3 for example '
equipment calibration log.

5.5.1 . Measurement of pH
55141  General

Measurement of pH is one of the most important and frequently used tests in water chemistry. .Practically

every. phase of water supply and wastewater treatment such as acid-base neutralization, water softening,

and corrosion control is' pH dependent. Likewise, the pH of leachate can be correlated with other ..

chemical analyses to determine the probable source of contamination. It is therefore important that .
. reasonably accurate pH measurements be taken. S

Two methods are given for pH measurement: the pH meter and pH indicator paper. The lndlcator paper °
is used .when .only a rough estimate of the pH is required, and the pH meter when a -more. accurate
measurement is needed. The response of a pH meter canbe affected to a slight degree by high levels of -
colloidal or suspended solids, but the effect is usually small and generally of litlle significance. -
Consequently, specific methods to overcome this interference are not describéd. The response of pH.
paper is unaffected by solution interferences from color, turbidity, colloidal or suspended materials unless
extremely high levels capable of coating or masking the paper are encountered. In such cases, use of a
pH meter is recommended. '

55.1.2 Principles of Equipment Operation

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or atkalinity of
the solution created by the addition of the water sample reacting with the indicator compound -on the
paper.  Various types of pH: papers are available, including - litmus (for general acudlty or alkalinity
determination) and specific pH range hydrion paper:

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on
establishment of a potential difference across a glass or other type of membrane in response to (in this
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to iohic
species and, in combination with a standard or reference electrode, a potential difference proportional to
the ion concentration is generated and measured.

55.1.3 Equipment
The following equipment is needed for taking pH measurements:

» Stand-alone portable pH meter, or combination meter (e.g., Horiba U-10), or combination rmeters
equipped with-an in-line sample chamber (e.g., YSI 600 series and Horiba U-22).

019611/P Tetra Tech NUS, Inc.
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» Combination electrode with polymer body to fit the above meter (alternately a pH electrode and a
reference electrode can be used if the pH meter is equipped with suitable electrode inputs)- '

» Buffer solutions, as specified by the manufacturer.
o pH indicator paper, to cover the pH range 2 through 12.
e Manufacturer's operation manual.

55.1.4 Measurement Techniques for Field Determination Qf pH

pH Meter

The following procedure is used for measuring pH with a pH meter (meter standardization is accordmg to
manufacturer's instructions):

» Inspect the instrument and batteries prior to initiation of the field effort.

» Check the integrity of the buffer solutions used for field ¢alibration. Buffer solutions need to be
changed often as a result of degradation upon exposure to the atmosphere

« If:applicable, make sure all electrolyte solutions within the electiode(s) are at their proper . levels and
that no air bubbles are present within the electrode(s). :

» Calibrate on a daily use basis (or as recommended by manufacturer) following manufacturers .
instructions. Record calibration data on an equrpment calibration log sheet.

e _ Immerse the electrode(s) in the sample. Stabilization may take several seconds 1o mlnutes Ifthe pH
continues to drift, the sample temperature may not be stable, a physical reaction (eg., degassing)
" may be taking place in the sample, or the meter or electrode may be malfunctlonlng ThIS must be"
clearly noted in the logbook. .

* Read and record the pH of the sample pH shall be recorded to the nearest 0.01 pH umt Also record
the sample temperature.

¢ Rinse the electrode(s) with deionized water.
e Store the elecirode(s)'in an appropriate manner when not.in use..

Any visual observation of conditions which may interfere with pH measurement such-as oily matenals or
turbrdlty, shall be noted.

pH Paper

Use of pH paper is.very simple and requires no sample preparation, standardrzatlon etc pH | paper is
available in -several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range :
(approxrmately pHO 106, 6o 9, 8to 14) and narrow-range (many available, with ranges as narrow as
1.5 pH units). The appropriate range of pH paper shalll be selected. If the pH is unknown the investigation
shall start with wide-range paper and proceed with successively narrower range paper. untll the sample pH
is adequately determined.

019611/P
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55.2 Measurement of Specific Conductance
5.5.2.1 General

Conductance provides a measure of dissolved ionic species in water and can be used to identify the
direction and extent of migration of contaminants in groundwater or surface water. - it can also be used as
a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination.”

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This
value depends on the total concentration of the ionized substances dissolved in the ‘water and the’
temperature at which the measurement is made. The mobility of each of the various d:ssolved ions; thenr
valences, and their actual and relative concentrations affect conductivity.

It is important to obtain a specific 'conductance measurement soon dfter taking a. sample, since
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the
specific conductance. Most conductivity meters in use today display specific conductance (SC); units of
milliSiemens per centimeter, which is the .conductivity. normalized to temperature @ 25°C. - This format.
(SC) is the required units recorded on the groundwater sample log field form (Attachment B).

55.22 Principles of Equipment Operation

An agqueous system containing ions will conduct an electric current. In a direct-current field; the. posmve
jons-migrate toward the negatlve electrode, while the negatively charged ions migrate toward the positive
electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium carbonate, or sodium
chloride, respectively) are relatively good conductors. Conversely, organic compounds such as sucrose or
benzene, which do not dissociate in agueous solution, conduct a current very poorly, it at all. '

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used
for measurement of electrical resistance. The ratio of current applied to voltage across the cell may also
be used as a measure of conductance. The core element of the apparatus is the conductivity cell’
containing the solution of interest. Depending on ionic strength of the agueous solution to be tested, a
potential difference is developed across the cell which can be converted directly or mdlrectly (depending
on instrument type) to a measurement of specific conductance

5523 Egquipment

The following equipment is needed for taking specific conductance (SC) measurements:

o Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10), or combination
meters equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22).

e Calibration solution, as specified by the manufacturer.

¢ Manufacturer's operation manuat.

A variety of conductivity meters are available which may also be used to monitor salinity and temperature.

Probe types and cable lengths vary s0 eguipment must be obtained to meet the specific requxrement of

the sampling program.

5.5.2.4 Measurement Techniques for Specific Conductance

The steps involved in taking specific conductance measurements are listed below (standardization is
according to manufacturer's instructions):

019611/P
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» Check batteries and calibrate instrument before going into the field.
s Calibrate on a daily use basis {or as recommended by manufacturer), according to the manufaciurer's
instructions and record ali pertinent information on an equipment calibration log sheet. Potassium
- chloride solutions with a SC closest to the values expected in the field shall be used for calibration.
 Rinse the cell with one or more portions of the sample to be tested or with deionized water.
+ Immerse the electrode in the sample and m‘easure the cdnductivity
e Read and record the results in a fleld logbook or sample log: sheet.

. Rmse the electrode with deionized water.

if the specmc conductance measurements become erratrc recalibrate the -instrument and see the -
manufacturer's instructions for details.

553 Measurement of Temperature
5531 General ‘

In.combination with other parameters temperaiure can, be a useful indicator of the likelihood of: brologlcal
action in:a water sample. It can also be- used to- trace the flow direction.of contaminated groundwater.

- Temperature measurements shall be taken in-situ, or as qu;ckly as possible in the field. Collected water

samples may rapidly equnllbrate with the, temperature of thelr surroundmgs
5,5.3.2 Egurgment »

Temperature measurements may be taken with alcohol-toluene; mercury frlled dial- type thermometers or
combination meters equipped with an.in-line sample chamber (e.g., YS! 600 series and Horiba U-22).
addition, various - meters such as specmc conductance or dissolved oxygen meters, which- have
temperature measurement: capabilities, may also be used. Usrng such instrumentation along with suitable
probes and cables, in-situ measurements of temperature at great depths can be performed.

55.3.3 ‘Measurement Techniques for Water Temgerature_ _

ita thermdmeter is used to. determine the temperature fpr a watersample:

¢ Immerse the thermometer in the sample until temperature equilibrium is obtalned (1-3 mlnutes) To.
avoid the possibility of cross-contamination, the thermometer shall not be inserted into samples whrch
will-undergo subsequent. chemlcal analysis.

e Recordvaluesina ﬁeld logbook or sample Iog sh‘eet.'

It a temperature meter-or- probe is used the mstrument shall be callbrated accordmg to manufacturer's
recommendations. TR
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5.5.4 Measurement of Dissolved Oxygen
55.4.1 General

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as the -
rate of corrosivity, are dependent on the dissolved oxygen conceniration. Thus, analysis for dissolved
oxygen is a key test in. water pollution and waste treatment process control. ~If at ali possible, DO
measurements shall be taken in-situ, since concentration may show a Iarge change in a short time if the
sample is not' adequately preserved.

The monitoring method discussed herein is limited 1o the use of dissolved oxygen meters only. Chemical
methods of. analysis (i.e., Winkler methods) are available, but require more equipment and greater sample
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted
waters, because the probe is completely submersible, and is not susceptible to interference caused by
color, turbidity, colloidal material or suspended matter.

5.5.4.2 Principles of Equipment Operation

Dissolved oxygen probes are normally electrochemical cells that have ‘two solid metal electrodes of
different nobility immersed in an electrolyte. The electrolyle is retained by an oxygen-permeable
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a suitable
poteritial exists between the two metals, reduction of oxygen to hydroxide jon (OH") occurs at the: cathode
surface.. An electrical current is developed that is directly proportional. to the rate of arrival of oxygen
molecules at the cathode:

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the
cathode, it is important that a fresh supply of sample always be in contact with the membrane. Otherwise,

the oxygen in the aqueous layer along the membrane is quickly depleted and false low readings are
obtained. . It is therefore necessary to stir the sample (or the probe) constantly to maintain-fresh solution
near the membrane interface. Stirring, however, shall not be 'so vigorous that additional oxygen is
introduced through the air-water interface at the sample surface. To avoid this possibility, some probes.
are equipped with stirrers 1o agitate the solutmn near the probe, while Ieavmg the surface of the solution
undisturbed. .

Dissolved oxygen probes are relatively unaffected by interferences. Interferences that ‘can occur are
reactions with oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide, which are not
easily depolarized from the indicating electrode. If a gaseous interference is suspected,; it shall be noted
in the field log book and checked if possible. Temperature variations can also cause interference
because probes ‘exhibit temperature sensitivity. Automatic ‘temperature compensation is normally
provided by the manufacturer.

5543 - Equipment

The following equipment is needed to measure dissolved oxygen concentration:

e Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-10), or
combination meters equipped with an in-line sample chamber (e.g., YS1 600 series and Horiba U-22).

Sufficient cable to allow the probe to contact the sample.
Manufacturer's operation manual.
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5.5.4.4 Measurement Techniques to_r Dissolved Oxvqe‘n Determination

‘Probes differ as to specifics of use. Foliow the manutacturer's instructions to obtain an accurate reading.
The following general steps shall be used to measure the dissolved oxygen concentration:

o - The equipment shall be calibrated and have its‘batterles checked before going to the field.
+. The probe shall be conditioned in a water sample for as long a period as practical before use in the
-field., Long periods of dry storage followed by short periods of use in the field may result in maccurate

»readmgs

. 'The instrument shall be calibrated in the field according to manufacturers recommendations or in a
e freshly air-saturated water sample of known temperature

« - Record all pertinent information on an_equnpment calibration sheet.
* Ririse the probe with deionized water.

*  Immerse the probe in the sample. Be sure to provxde for sufficient flow past the membrane by stirring
: the sample. Probes without stirrers placed in wells can be moved up. and down.

» - Record the dlssolved oxygen content and temperature of the sample in a field logbook or sample-log
: 'sheet

. Rinse the probe with deionized water»

e Reoahbrate the probe when the membrane is replaced or as rieeded. Follow the manufacturer's
T lnstructlons

“Note that in-situ placement of the probe is preferable since sample handllng is not ‘involved. Thls
' however ‘may-not always be practical. .

Specnal care shall be 1aken dunng sample collect|on to avoid turbulence which can lead to increased
oxygen solubilization and positive test mterferences

5.6.5 Measurement of 0xrdatlo‘n-Redu_ct|on Potential
555.1  General

The - oxidation-reduction potential. (ORP) provides a measure of the tendency of organic or inorganic
“compounds ‘to exist in an oxidized state: The ORP parameter. therefore provides evidence . of the

. likelihood of anaerobic degradation of biodegradable organics or the ratio of "activities of oxidized to
) reduced species in the sample.

5.5.5.2 Pnncn_ples of Equrprnem -Operation

’ When aninert metal electrode, such as platrnum is‘immersed in-a solution, a potentral is developed at
" that electrode depending on the ions present in.the solution. 1f-a reference electrode is placed in the same
- solution, an ORP electrode pair is established. This electrode pair allows the potentlal difference between
the two electrodes to be measured and is dependent on the concentration of the ions in solution. By this
measurement, the ability to oxidize or reduce spécies in solution may be determined. Supplemental

019611/P , ; - ’ oo Tetra Tech NUS, Inc.



Subject Number Page
GROUNDWATER SAMPLE SA-1-1 13 of 25
ACQUISITION AND ONSITE Fevision Effoctive Dato
WATER QUALITY TESTING 5 » 09/03

measurements, such‘as dissolved oxygen, may be correlated with ORP to provide a knowledge of the
quality of the solution, water, or wastewater.

5.5.5.3 Equipment -

The following equipment is needed for measuring the oxidation-reduction potential of a solution:
~« Cornbination meters with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22).

+ Reference solution as specified by the manufacturer. -

‘s Manufacturer's operation manual,

5.5.5.4 Méasurement‘Techniques for Oxidation-Reduction Potenﬁal

The fo.llb\}v'ing procedure is used for measuring oxidation-reduction potential:

+ - The equipment shall be checked using the manufacturer's recommended reference solution and have
its batteries checked before going to the field.

e Thoroughly rinse the electrode with deionized water.

« -If the probe does not respond properly to the recommended reference solution, then verify the
sensitivity of the electrodes by noting the change in millivolt reading when the pH of a test solution is
altered. The ORP will increase when the pH of a test solution decreases, and the ORP will décrease
if the test solution pH is increased. Place the sample in a clean container and agitate the sample.
Insert.the electrodes and note the ORP- drops sharply when the caustic is added (i.e., pH is raised)
thus indicating the electrodes are sensitive and operating properly. If the ORP increases sharply
when the caustic is added, the polarity is reversed and must be corrected in accordance with the
manufacturer's instructions or the probe should be replaced.

e Record all pertinent information on an equipment calibration log sheet.

5.5.6 Measurement of Turbidity
5.5.6.1 General

~ Turbidity is an expression. of the optical propenty that causes light io be scatiered and absorbed rather
than transmitted in a straight line through the sample. Turbidity in water is caused by suspended matter,
such as clay, silt, finely divided organic and inorganic matter, soluble colored organic compounds and
microscopic orgamsms including plankton.

It is important to obtain a turbldlty reading immediately after taking a sample, since lrrever3|ble changes in
turbidity may occur if the sample is stored too long.

5.5.6.2 Princiﬂes of Equipment Operation

Turbidity is measured by the Nephelometric Method. This method is based on a comparison of the
intensity of light scattered by the sample under defined conditions with the intensity of light scattered by a
standard reference suspension under the same conditions. The higher the scattered light intensity, the
higher the turbidity.

Formazin'polymer is used as the reference turbidity standard suspension because of its ease of
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid
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natural water. The turbidity of a specified concentration of formazin suspension is defined as 40
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when
measured on the candle turbidmeter. Therefore, nephelometric turbidity units (NTU) based on the
formazin preparation will approxrmate units derived from the candle turbidimeter but will not be identical to
them.

5.5.6.3 Equipment
The following equipment is needed for turbidity measurement:
. Lighi meter (e.g., LaMotte 2020) which calibrates easily using test cells with standards of 0.0 NTUs,
~and 10 NTUs, or combination meter (e.qg., Horiba U-10), or combination meter equipped with an in- lme
sample chamber {e.g., YSI 600 series and Horiba U-22). ‘
. Calibration solution, as speciﬁed by the manutacturer.

¢ Manufacturer's operation manual.

5.5.6.4 Measurement Techniques for Turbidity

.The Steps involved in taking turbidity measurements utilizing an electrode (e) or light meter (l) are listed
below (standardization is accordirg to manufacturer’s instructions): :

. 'C‘heck batteries and calibrate instrument before going into the ﬁeld.b
o Che‘ck the expiration date (etc.) of the solutions used for field calibration.

. Cahbrate on a daily use basrs accordmg to the manufacturers instructions and record all pertinent
rnformatlon on an equipment calibration log sheet.

. Hrnse the electrode with one or more portions of the sample to be tested or with deionized water'
(appliesto "e

e  Fill-the light meters glass test cell with ~5 mi of sample, screw on cap, wipe off glass; place test cell in
llght meter and close the lid (apphes to "I").

. lmmerse 1he electrode in the sample and measure the turbrdny (applies to- e")

s .The readmg must be \aken immediately as suspended solids will settie over time resultlng in a lower, -
maccurate turbidity reading. :

e  Read and record the results in-a field logbook or sample log sheet. Include a physical description of
* the sample, including cOI_or,’qualitative estimate of turbidity, etc. ’

*  Rinse the electrode or test cell with deionized water.
557 | Measurement of Salinity
- 5574 General

Salinity is a unitless property of industrial and natural waters. It is the measurement of dissolved salts in a
given.mass of solution. Note: Most field meters determined salinity automatically from  conductivity and
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temperature. The disptayed value will be displayed in either parts per thousand (ppt) or % (e.g., 35 ppt will
equal 3.5%). -

5.5.7.2 Principles of Equipment Operatien

. Salinity is determmed autornatically from: the meter's conductrvrty and temperature readings according to
. algorithms (found in ‘Standard methods for the Examination of Water and Wastewater). Depending on the
meter, the results are displayed in either ppt or %. The salinity measurements are carried out in reference -

"t0.the conductivity of standard seawater (corrected to S = 35).

-5.5_.7.3 - .Eguiglment

: The following equipment is needed for Salinity measurements:

o Multi- parameter water quahty meter capable of measuring conductive, temperature and converting
them to salinity (e.g., Horiba U-10 or YSI 600 series).

» Calibration Solution, as specified by the manufacturer

e Manufacturer's operation manuat

5‘.5;7.4 Measurement Technlques for Salinitv

The steps |nvolved in" taking Sallnlty measurements are listed below (standardrzatlon is according to
vmanutacturer s rnstructrons)

s Check batteries and catib‘rate before going into the field.
'« Check the expiration date (etc.) of the solutions used for field calibration.

. e Calibrate on a daily us_e basis, according to the manufacturer's instructions and record all pertinent
information on an equipment calibration log sheet.

) Rlnse the cell with the sample to be tested

. ’lmmerse the multl -probe in the sample and measure the salinity. Read and record the resutts ina
field logbook or sample log sheet

_» _ Rinse the probes with deio’ni_z‘ed‘ water.

5.6 Sampling
5.6.1 Sampling Plan

The sampling approach consistin_g'of the following, shall be developed as part of the project plan
'documents which are approved prior to beginning work in the field:

» Background and objectives of sampling.
e Briet description of area and waste characterization.

e Identification of sampling locations, with map or sketch, and applicable well construction data (well
size, depth, screened interval, reference elevation).
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» Intended number, sequence volumes, and types ot samples. If the relative degrees of contamination
-between wells is -unknown or insignificant, a sampling sequence which facilitates sampling logistics
may be followed. Where some wells are known.or strongly suspected of being highly contaminated,
these shall be sampled last to reduce the risk of cross-contamination between wells as a result of the
sampling procedures.
+ - Sample preservation requirements.
e Work schedule.
o List of team members.
+ List of observers and contacts
+ Other information, such as the necessrty for a warrant or permission of entry, requirement for spiit
samples, access problems, location of keys, etc.
5.6.2 Sampling Methods

The colléction of a grormdwater sample consists of the following stepS'

The site Health & Safety Officer (or desrgnee) will first -open the well cap and use volatile organic
detection equipment: (PID or FID) on the éscaping’ gases at the well head to determine the need
for respiratory protection. :

When proper resprralory protection has been donned, sound the well for total depth and water
level {using clean equipment) and record these data on a groundwater sampling log sheet (see
Attachment B); then calculate’the fluid volume in the well pipe (as prevrously descnbed in. thrs
SOP).

Calculate well volume to be removed as sta_ted in Section 5.3."

Select the appropriate purging equipment (sée Attachment A). If an electric submersible, pump
with packer is chosen, go to Step 10. : e

Lower the p‘urgingvequipmeht or’irﬂake‘ into the well to a short distance below the water level and.
‘begin water. removal. Collect the purged water and dlspose of it in an acceptable manner (as-
applicable). Lower the purging device, as requrred to maintain submergence

Measure the rate of discharge frequently A graduated bucket or cylinder and stopwatch are most
commonly used.. . ,

Observe the peristaltic pump intake for degassing "bubbles.” It bubbles are abundant ahd the
intake is fully submerged, this pump is not suitable for collecting samples for volatile organics.

Purge a minimum of three to five casing volumes before sampling. In Iow-permeability'st'r'ata-
{i.e., if the well is pumped to dryness), one volume will-suffice. Purged water shall be collected in.
a desrgnated container and dlsposed in an-acceptable manner. :

if sampling using a pump, lower the pump intake to midscreen (or the middle of the open _Sectlon
in uncased wells) and collect the sample. If sampling with a bailer, lower the bailer to- just below
the water surface. : . »
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10. (For pump and packer assembly only). Lower the assembly into the well so that the packer is

positioned just above the screen or open section. Inflate the packer. Purge a volume equal to at
least twice the screened interval (or unscreened open section. volume below the packer) before
sampling. Packers shall always be tested in a casmg section above ground to determine proper
inflation pressures for good sealing.

11. In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample
collection can be delayed until the following day. If the well has-been purged early-in-.the morning,
sufficient water may be standing in the well by the “day's end to permit-sample collection. If the
well is mcapable of producing a-sufficient volume of sample at-any lime, take the largest quantity
available and record this occurrence in the site logbook.

12. Fill sample contalners (preserve and Iabel as descnbed in SOP SA-6.1).

13. Replace the well cap and lock as approprlate Make sure the well is readily identifiable as the
: source of the samples.

14. Process sample containers as described in SOP SA-6.1.

15. Decontaminate equipment as described in SOP SA-7.1.

5.7 Low Flow Purqing and Sampling .
5.7.1 Scope & Application

Low flow purgmg and sampling technrques are sometrmes requrred for groundwater samphng activities.

The purpose of low flow. purging and sampling is to collect groundwater samples that contain
“representative” amounts of mobile organic and morganlc constituents in‘the vicinity of the selected open
well interval, at of near natural flow conditions. The minimum stress procedure emphasizes: neghglble_
_water level drawdown and low pumping rates in order to collect samples with.minimal alterations in water
chemistry. This procedure is designed primarily: to be used in wells with. a casing diameter of 1 inch or
more and a saturated screen, or open interval, length of ten feet or less. Samples obtained are suitable
for analyses of common types of groundwater contaminanis - (volatile and semi-volatile organic
‘compounds pesticides, PCBs, metals and other inorganic: ions: [cyanide, chioride, ‘sulfate, etc.]). This
procedure is not designed to collect non-aqueous phase liquids samples from wells containing Ilght or
dense non- aqueous phase liquids (LNAPLs or DNAPLS) usrng the low flow pumps. )

The procedure is ﬂexrble for various well construction types and groundwater yrelds The goat of the
procedure is to obtain a turbidity level of less than 10 NTU and to achieve a water level drawdown of less
than 0.3 feet during purging and samphng If these goals cannot be achieved, sample collection can take
place provided the remaining criteria in this procedure are met.

572 Equipment
The following equipment is req‘uired (as applicable) for low ﬂo_w purging and sampling:

» Adjustable rate, submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel or
Teflon). ' :

« Disposable clear plastic bottom filling banlers may be used to check for and obtain samples of LNAPLs
or DNAPLs.
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e Tubing - Teflon, Teflon-lined polyethylene, polyethylene, PVC, Tygon, or stainless steel tubing can be
used to collect samples for analysis, depending- on the analyses to be performed and regulatory
requirements.

s Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking water
level drawdown during all pumping operations).

» Interface probe, if needed.

e Flow measurement supplies.

o Power source {generator, nitrogen tank, etc.). If a gasoline generator is used, it must be:located
downwind and at a safe distance from the well so that the exhaust fumes .do not contaminate the
samples.

¢ Indicator parameter monitoring instruments - pH, turbidity, specific eonductan'ce and temperature.
Use of a flow-through cell is recommended. Optional indicators - ORP, salinity, and dissolved oxygen
flow-through cell is required. Standards to perform field calibration of instruments.

»  Decontamination supplies.

« Logbook(s), and other forms (see Attachments B and C).

s Sample Bottles.

. Sample'preservatio_n supplies (as required by the analytical methods).

. ”Sarﬁple tags and/or labels.

¢ ‘Well construction data, location map, field data from last sampling event (if available). .-

. bFieId Sampl'ing Plan.

o PIDor FID instrument for measuring VOCs (volatile organic compounds). -

5.7.3 Purging and Sampling Procedure

Open monitoring-well, measure head space gases using PID/FID. If there is an rndrcatlon of off gassrng »
when opening the well, wait 3-5 minutés to permit water level an opportunity to reach equilibrium.

Measure and record the water Ievel immediately prior to placing the pump in the well.

Lower pump or tubing slowiy into the well so that the pump intake is located at the center of the saturated

* screen length of the well. If possible keep the pump intake at least two feet above the bottom of the well,

1o minirnize mobilization of sediment that may be present in the bottom of the well.. Collection of turbrdrty—
: free water samples may be difficult.if there is three feet or less of standing water in the well.

Start’ with -the initial pump rate set at approximately 0.1 liters/minute. Use a graduated cylinder and
. stopwatch to measure the pumping rate. Adjust pumping rates as necessary to prevent drawdown from
exceeding 0.3 feet during purging.  If no drawdown is noted, the pump rate may be increased (to a max of
0.4 liters/minute) to expedite the purging and sampling event. The pump rate will be reduced:if turbidity is
greater than 10 NTUs after all other field parameters have stabilized. If groundwater is drawn down below.

019611/P , - Tetra Tech NUS, Iric.




Subject : Number Page
GROUNDWATER SAMPLE SA-1-1 19 of 25
ACQUISITION AND ONSITE evision Effoctive Date
WATER QUALITY TESTING 5 09/03

the top- of the well screen, purging will cease or the well will be pumped to dryness and the well wili be

allowed to recover before purging continues. Slow recovering wells will be identified and purged at the .
beginning of the workday. If possible, samples will be colleted from these wells within the same workday

and no later than 24 hours after the stat of purging.

Measure the well water level using the water le\}el meter every 5 to 10 minutes. Record the well water
level on the Low-Flow Purge Data Form (Attachment C). :

Record on the Low-Flow Purge Data Form every 5 to 10 minutes the water quality parameters (pH,
specific conductance, temperature, turbidity, oxidation-reduction potential, dissolved oxygen and salinity or
as specified by the approved site specific work plan) measured by the water quality meter and turbidity
meter. If the cell needs to be cleaned during purging operations, continue pumping (allow the pump to
discharge into a container) and disconnect the cell. Rinse the cell with distiled/deionized water. After
cleaning is completed, reconnect the flow-through cell and continue purging. Document the cel} cleaning
on the Low-Flow Purge Data Form.

Measure the flow rate using a graduated cylinder. Remeasure the flow rate any time the pump rate is
adjusted.

During purging, check for the presence of bubbles in the flow-through cell. The presence of bubbles is an
indication that connections are not tight. If bubbles are observed, check for loose connections.

After stabiliiation is achieved, sampling can begin when a minimum of two saturated screen volumes
have been removed and three consecutive readings, taken at 5 to 10 minute intervals, are within the
following limits: '

pH +0.2 standard units
Specific conductance +10%
Temperature +10%
Turbidity less than 10 NTUs
Dissolved oxygen +10%

If the above conditions have still not been met after the well has been purged for 4 hours, purging will be
considered complete ‘and sampling can begin. Record the final well stabilization parameters from the
Low-Flow Purge Data Form onto the Groundwater Sample Log Form. ’

vOC sampies are preferably collected first, directly into pre-preserved sample containers. Fill all sample
containers by allowing the pump discharge to flow gently down the inside of the container with minimal
turbulence. -

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting
the tubing, use one of the following procedures to collect VOC samples: (1) Collect the non-VOCs
samples first, then increase the flow rate incrementally until the water column completely fills the tubing;
collect the sample and record the new flow rate; (2) reduce the diameter of the exisiing tubing until the
water column fills the tubing either by adding a connector (Teflon or stainless steel), or clamp which
should reduce the flow rate by constricting the end of the tubing; (3) insert a narrow diameter Teflon tube
into the pump's tubing so that the end of the tubing is in the water column and the other end of the tubing
protrudes beyond the pump's tubing, collect sample from the narrow diameter tubing. a

Prepare samples for shipping as per SOP SA-6.1.
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ATTACHMENT A
PURGING EQUIPMENT SELECTION
Diameter Casfng Bailer | Pernstaitic | Vacuum Air—liﬁ_ Diaphragm Submersiblé Submersible | Submersible
: P Pump Pump *Trash” Diaphragm | Electric Pump | Electric Pump
S : » , e Pump ~-Pump w/Packer
1.25-lnch | Water . level | X X X X X '
Co b <25 eet .
) Water Level | X , X
Coon | 25t S
A 2-nch | Water level | X X X D X X
; L ,<25 feet . . i
| water- Level | X X X
. | >25feet - ‘ o
4-Inch’ . ['Water level| X X X X X X X X
o <25 feel . ‘
|-Water tevel | X X - - X X X
>25fcet , R e
| &nch Water level -X X X X
o <25feet” . :
‘Water, Level X X X
_ | 5 teet -
8inch - .| Water  Jevel X X X X
. ‘<25 feet. : . v
Water Level X X X
>25 feet .
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PURGING EQUIPMENT SELECTION
PAGE 2
Manufacturer Model . Prinelple of . | Maximum B Construction- o Lift Delivery Rafes, 1982 Comments
: Name/Number . - ‘Operation - Outgide ' | Materials (w/Lines |~ Range or Volumes | Price -
- R Diameter/L |."* and Tubing) (ft) : (Dollars)
ength” : KR .
L . K (lnches) . . o . : :
BarCad Systems Barc_ad--SampIer Dedicated; :‘gas|- 1.5/16 | PE, brass, nylon| . 0-150 " |1 liter for each|$220-350 [Requires.compressed gas; custom sizes and
Ine. - : drive . (positive |- . aluminum oxrde 1 with std. -} 10-15 feet - of | materials avaliable; aets as plezometer.
. ‘ displacement) " .- _ | tubing|submergenca | . .

Cole-Parmer Inst.|Master “Flex 7570} Portable; ~<1.0/NA I (notsubmersible) | 0-30°". }670-- mbUmin $500-600 AC/DC; vanable speed control’ available;
Co. | Portabie Samplmg peristaltic B Tygon®, --silicone}) .~ " {with. ..~ 7015-{ ‘| other models may have different fiow rates.

| Pump - (suction)- - Viton® ..o o {20 pumphead | B :
ECO Pump Corp, . | SAMPLifier Portable; venturi <1.5or |PP, PE, PVC, SS,| .0-100. [0-500 ~mb/min $400’-700 AC DC, or gasollne-dnven motors available:

o : T T s <2,0/NA. | Teflon®, Tefzel®- - S dependrng “on : must be:primed. - .

i : : . : 4 ' N K . Iift :

| Geltek Corp. Baller 2194 Pojtable; - “grab]:. 1.66/38° [Teflon® . . ‘' No fimit 1,075 mb- $120+.135 Other‘sizes ,availabie. .
| (posttive RS SR e » o ‘. R :
o . ~|displacement). | T C
GeoEnglneering, . | GEO-MONITOR . |Dedicated,  gas| 1.5/16 -|PE, . PP, - PVC,|:Probably -Approxrmately $185 Acts as prezometer requrres compressed
Inc. : : : drive (posntlve B - | Viton®- e 041800 [ 1 liter: for @ach. 'vgas
displacement) e RIDE |10fest - . of
;o R R Rt N L submergence‘-v o o
industrial - - -and|Aquarlus” | Portable; - bladder|’ . 1,75/43 | $S, Teflon®, Viton®|-0-250:..10-2,800 mlimin.| $1,500- - Requrres compressed gas; other -models|
Environmental S - H{positive . R B : ST 03,000 - {avallabley -AC, T DG, manual operatlon
Analysts Inc. (IEA) R displacement) e e : ’ SETEN I S A - Ipossible. ... .
EA Syringe Sampler [ Portable; ° grab 1.75/43 [SS, Teflor® .| No limit--[| 850~ ‘mL[ $1,100: }Requires: vacuum andlor pressure from’ hand
: e [ (positive L ! ' : | sample volume | pump.

. : B . - -|displacement):: : ) . . . . ] ) .
Instrument [ Model - 2600 { Portable; bladder-. 1.76/50 - | PC, - . silicone,| . 0-150. |0-7,500 ml/min '_$990‘ 'Requires compressed gas (40 psi minimum).
Specialties Co.jWell Sampler- | (positive. . - |Teflon®, PP, PE; g C : T ‘ :

(IscQ) - : : displacement) . } Detrin®, acetal ] BT A ;
Keck . Geophysical{ SP-81 | Portable; ~.helical{  1.75/25 | SS,- Teflon®, PP,{ 0-160° [0~4,500 mUUmin | $3,500 . DC_-operated.
Instruments, Inc. . | Submersible ] rotor {positive i " | EPDM, Viton® R :

: -Sampling Pump_: " | displacement) . o B - : . : ’
Leonard Mold ‘and | GeoFilter. .- SmalljPortable; bladder| 1.75/38 - |SS," Teflon®,"-PC,{ ' 0460, [0-3,500 mi/min-| $1,400-. Requlres compressed gas (55 psi minimum); |
Die Works, Inc. Dlameter Well| (positive Neoprene® : 1 . i '1,.500' pneumatlc orAC/DC control madule.

Pump (#0500) displacement) o - b ) :

Oil Recovery| Surface Sampler | Portable; - grab| 1.75/12 |acrylic, Detrin® ‘No limit | Approximately | $125-160 Other materials and models avaliable; for
Systems, In¢. - (positive : } |250mL L measuring thickness of "floating”

e . displacement) ' SR B L | contaminants. -

Q.E.D. Well Wizard® | Dedicated, -~ . | 1.66/36 ' [PVC 0-230 |0-2,000 mUmin | $300-400 | Requires.compressed gas; prezometrlc levell
Enwronmental Momtonng System bladder. .(positive|’. U 1 TR : mdlcator other matenals available. .
'Systems. lnc (P-10 ) B displacement) - | -
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ATTACHMENT A
PURGING EQUIPMENT SELECTION
PAGE 3
Manufacturer Model Principle of Maximum | Construction Materials | Lift Range | Delivery Rates or] 1882 Comments
Name/Number Operation Outside {w/Lines and Tubing) ") Volumes Price
Diameter/L ) {Dollars)
ength :
. : (Inches) .
Randolph  Austin{ Mode! 500) Portable; peristaitic]| <0.5/NA |(Not submersible) . 0-30 See comments $1,200- |Flow rate dependent on motor and
Co. Vari-Flow Pump | (suction) Rubber, Tygon®, or 1,300 |tubing selected; AC operated; other
) . Neoprene® models available.
Robert  Bennett| Model 180 Portable; piston|  1.8/22  [SS, Teflon®, Delrin® PP,[ 0-500 [0-1,800 mU/min | $2,600- {Requires compressed gas; water level
Co. | (positive Viton®, acrylic, PE 2,700 [indicator and fow meter; custom
displacement) : models available.
Slope * Indicator{Model 514124 |Portable; gas drive] 1.9/18 - |PVC, nylon 0-1.100° 1250 mL/ilushing | $250-350 | Requires compressed gas; 5SS
Co. (SINCO) Pneumatic (positive cycle available; piezometer model avallable;
Water Sempler |displacement) : . dedicated mode! available, -
Solinst  Canada|SW Water | Portable; grab] =~ 1.9/27 |PVC, brass, nylon,| 0-330 ([500ml $1,300- |Requires compressed gas; custom
Ltd. Sampler (positive . Neoprene® 1,800 |models available.
: displacement) . o .
TIMCO Mfg. Co.,[Std. Baller “TPortable; grab | 1.66/Custo | PVC, PP No limt |250  miAt of| $2080 |Other sizes, matenals, . models
Inc. (positive m o . bailer available; optional ~ bottom-emptying
displacement) : device available; no solvents used.
TIMCO Air or Gas Lift|Portable; gas drive| 1.66/30 {PVC, Tygon®, Tefion® 0-150 [350 ml/flushing| $100-200 [Requires compressed gas; other
Sampler {positive - : cycle sizes, materials, models available; no
- | displacement) ) solvents used.
Tole Devices Co. | Sampling Pump |Portable;.  bladder{ 1.38/48 |[SS, silicone, Delrin®,{ 0-125 °|0-4,000 mL/min $800- |Compressed gas required; DC control
(positive : . Tygon® ) ) ) 1,000 |module; custom built.
displacement) o
Conétruction Material Abbreviatlons: ' Qther Abbreviations:
PE Polyethylene NA Not applicable
PP "Polypropylene AC Alternating current
PVC Polyviny! chloride DC Direct current
SS - Stainless steel
PC -Polycarbonate

EPDM - 3 Ethylene-propylene diene (synthetic rub}b_er)

NOTE:

all-inclusive ‘and- fisting does- not constitute ‘endorsement for: use.

scavenger-type, or high-capacity pumps are inclyded.

Source: Barcelona et al,, 1983,

Other manufacturers market pumping devices \)vhich could be used for groundwater sampling, though not expressly designed for this purpose. The list is:not meant to be
~Information in the table is' from sales literature and/or. personal communication. No skimmer,
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" IStatic Water Level (WL):
- .~ |One Casing Volurne(gallL): -
E hlarl Pixga {brs):

5. | Jemp. (C)

Subject Number Page
GROUNDWATER SAMPLE SA-1-1 24 0f 25
ACQUISITION AND ONSITE Fevision .
WATER QUALITY TESTING 5 09/03

ATTACHMENT B
) GROUNDWATER SAMF_’LE LOG SHEET
r . o
-Itl GROUNDWATER SAMPLE LOG SHEET
. Tetra Toch NUS, Inc. . :
‘ . . . . ) Page___of ____
Project Site Name: Sample 1D No.:
. Projeci No.: Sample Location:
. Sampled By. .
[ '1 Domestic Well Data GCOC.No.: - -
.. bx} Monitoring Well Data. Type of Sample: .
[ 1 Other Well Type:. - . .- PX] Low Concentration
[1eA ngple Type: [ } High Concenitration
T Turvidny :
NTU ) mV NA

Turbidity DO . ORP

{mionn: Reading (ppm):

“SEELOWFLO

Well Casing Di & Msterlat

W PURGE DATA SHEET

Total Wen Dopth (TDJ:

Eﬁd'Puvge thrs): )

Tolal Purge Time (min): .

Total Vol. Pusged (cail);

.- Analysis

| ST

- O er Requi it -} Coll

SR

NOTEST =S

RGeS

““MSMSD | Duplicate IDNo: .

R e

Signatura(s):
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Time ‘Water Level Flow | .| Turb; po - Temp. ‘ SallﬁltyIﬁ Comiients
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1.0 : PURPOSE

The purpose of this document is to provide general reference information regarding natural attenuation
parameter and methodology selection, sample collection, and a general understanding of the sample
results.

2.0 SCOPE

This document provides information on selection of appropriate groundwater. natural attenuation
parameters, selection of sampling methods for these parameters, techniques for onsite field analysis of
select parameters, and some basic understanding of the field sample results. Review of the information
contained herein will facilitate planning of the field sampling effort by describing standard sampling
practices and techniques. To a limited extent, it shall also facilitate the understanding and interpretation of

~ the sampling results. It addresses field procedures for collection of data at sites with organic groundwater

contaminants (e.g., chlorinated and petroleum hydrocarbons) to the ‘extent practical. The focus. of this
document is on natural attenuation, not enhanced bioremediation.

The technrques described shall be followed whenever applicable, ‘noting that srle-specmc conditions,
project-specific objectives, local, state, and federal gurdellnes may.be-used as a basis for modification of
the procedures noted herein. The-intent of this document is to supplement the local, state, “and federal
guidance documents and manufacturer’s analytical methods referenced in Section 6.0.- It is not intended
for this document to supersede this guidance or information. - Please note that natural attenuation is a
relatively dynamic science with ongoing research in the 'science and engineering community. |t is
important that data collectors and interpreters use the most -recent regulatory guidance, whrch may be
updated on a periodic basis from that noted in Section 6.

' 3.0 : GLOSSARY

Aerobe: Bacteria that use oxygen as an electron acceptor.

Anaerobe: Organisms that can use electron acceptors other than molecular oxygen to support therr
metabolism. -

Anoxic groundwater Groundwater that contains oxygen in concentrations less than about 0.5 mg/L. This
term is synonymous with the term anaerobrc

Anthropogenic.” Man-made. : o

Cometabolism: ~The process in which a compound- is fortuitously degraded by an enzyme or cofactor
produced during microbial metabolism of another compound. - '

Daughter product. A compound that results directly from the. biotic or-abiotic degradation of another. For
example, cis-1,2-dichloroethene (cis-1,2-DCE) |s a common daughter product of trichlorosthene
(TCE). :

Diffusion.. The process whereby molecules move from a region of hrgher concentralron to-a reglon of
lower concentration as a result.of Brownian metion.

Dispersion: The tendency for a solute to spread from the path that it would be expected to follow. under
advective transport.

. Electron acceptor. A compound capable of accepting electrons during oxrdatron reduction reactions.

Mlcroorganrsms obtain energy by transferring electrons from-an electron donor such as an
organic compound (or sometimes a reduced inorganic compound such as sulfide) to an electron
acceptor. Eléctron acceptors are compounds: that are relatrvely oxidized. and- include: oxygen,

“-~ nitrate, iron(lll), manganese(lV), sulfate, carbon dioxide, or in some cases chlorinated: aliphatic
hydrocarbons such as tetrachloroethene (PCE), TCE, DCE and vinyl ¢hloride (VC).

Electron donor. A compound capable of supplying (giving: up) electrons during oxidation-reduction
reactions. Microorganisms obtain energy by transterring electrens from an electron donor such as
an organic compound- {(or sometimes a reduced inorganic. compound such “as sulfrde) to an
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electron acceptor. Electron donors are compounds that are relatively reduced and include fuel
hydrocarbons and native organic carbon.

Metabolic byproduct. A product of the reaction between an electron donor and an electron acceptor.
Metabolic byproducts include volatile fatty acids, daughter products of chlorinated - aliphatic
hydrocarbons, methane, and chloride.

Oxic groundwater. Groundwater that contains oxygen in concentrations greater than about 0.5 mg/L

Oxidation/reduction reaction: A chemical or biological reaction wherein an electron is transferred from an
electron donor (donor is oxidized) to an electron acceptor (acceptor is reduced).

Predominant terminal electron-accepting process. The electron-accepting process (oxygen reduction,
nitrate reduction, iron(lil) reduction, etc.) that sequesters the maijority of the electron ﬂow in a
given system.

Reductive dechlorination: Reduction of a chlorlne contamlng organrc compound vra the replacement of
chlorine with hydrogen.

Respiration: The process of coupling the oxidation of organic.compounds with the reduction of inorganic
compounds such as oxygen, nitrate, iron(li), manganese(lV), and sulfate.

Seepage velocity. The average velocity of groundwater in a porous medium.

Substrate: A compound used by microorganisms to obtain energy for growth. The term can refer to erther :
an electron acceptor or an electron donor.

40 RESPONSIBILITIES

Project Manager (PM) / Task Order Manager (TOM) - Responsible for ensuring that all field activities are
. conducted in accordance with this standard operating procedure (SOP). .

Project Hydrogeologist or Geochemist - Responsible for selécting and detailing the specific groundwater
sampling techniques, onsite water quality testing (type, frequency, and location), -and equipment to be
used, and providing detailed input in this regard to the project plan documents. The project hydrogeologist
or. geochemist is also responsible for properly briefing and overseeing the performance of the site
sampling personnel.

Site Manaqer (SM) / Field Operations Leader (FOL) - Hesponsible for the onsite verification that all field
activities are performed in compliance with approved SOPs or as: otherwise drrected by the approved
project plan(s). - :

Project Geologist - is primarily responsible for the proper acquisition of the groundwater samples. He/she
is also responsible for the actual analyses of onsite water quality samples, as well as instrument
calibration, care, and maintenance. When appropriate, such responsibilities may be performed by other
qualified personne! (e.g., field sampling technicians or site personnel).

- 5.0 PROCEDURES

5.1 General

Natural attenuation includes physical, chemical, and biochemical processes affecting the concentrations
of dissolved contaminants in groundwater. These processes may include advection, dispersion,
volatilization, dilution, sorption to aquifer solids, and/or precipitation or mineralization of compounds. Of
greatest.importance are those processes that lead to a reduction in-contaminant mass (by degrading or
destroying contaminants) such as: biodegradation. These biochemical processes ‘remove organic
contaminants from the aquifer by destruction.” Depending on the type of contaminant, particularly the
organic contaminant (e.g., petroleum hydrocarbons or chlorinated organic solvents), the biochemical
environment in the aquifer will vary. The biochemical environment within the aquifer influences and is
influenced by the activities of aquifer microbiota. Specific types of microbiota, working singly or in
complex consortia, may use organic contaminanis as part of their normal cell functions. Natural
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attenuation monitoring is. designed to measure indicators of the biochemical environment within the -
aquifer. and, ‘with direct and- indirect lines of evidence and associated chemical concentration data,

evaluate the likely fate (i.e., transformation, destruction, dilution, attenuation, etc.) of organic
contaminants. :

5.2 : Pla_nninq for Natural Attenuation Sampling

- The first step in-preparing a natural -attenuation investigation is to develop a site-specific conceptual
--model. The first step in development of this model is the analysis and review of available site-specific
characterization data. The development and refinement of this model should be supplemented with
addmonal data as needed The data should include but is not limited to:

3 Geol_oglc and h_y_drogeologlc information in three dimensions
s -Nature, extent, and ma'gnitude of contamination
- Location and presence of potential receptors to contamination

Lines of Evidence

' Several lines. of evidence are used to determine whether natural attenuation is working. The most
compelling, primary “evidence is decreasing . groundwater contaminant - concentrations: over trme
Decreasmg concentratron trends can be demonstrated in several ways rncludrng

. .Isoconcentratlon maps of the drssolved plume over trme wherein the extent of the plume is either
stable or decreasnng

. Trme series. plots of contamlnant concentratrons wrthm a well lllustratmg a-clear downward trend

. Conlammant concentrahon proflles in. a-senes. of monitoring wells along a groundwater flow path
E illustrating decreasing concentrations beyond-that attributable to dilution and dispersion.

Sec on dary; or Sup‘poning,‘ lines of eVidence indude'

. 'Analyncal data showrng productron and subsequent destruction of primary contaminant breakdown
,products :

- Geochemrcal data rndlcatmg that the" blochemrcal envuronment is - favorable for the appropriate.
- microbiota. .

¢ Geochemical data that indicate the aquifer microbiota are active.
Monitoring Well Loéation and Sampling Frequency

The number and locations of wells required to monitor natural attenuation will depend on the physical
setting. at each location. - One possible array of monitoring wells is illustrated in Attachment A. In this
scenario, one well is used to monitor conditions upgradient of the source, one: well'i is located in the source
-area, and -several wells are used to define and monitor the downgradient and' lateral extent of the
dissolved ‘plume.. At a “minimum, - there "should be at least ‘one upgradient well (ideally with .no
‘contamination present), one well in the source area, one well downgradient from the source area in the
dissolved plume,. and one downgradient' well where contaminant concentrations.are below regulatory
criteria. Note that the number and Iocatrons of monnonng wells will vary dependmg on the site complexity
and site objectives. :
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Sampling frequency will be: dictated by the ultimate use of the data and site-specific characteristics.
Contaminant concentrations may be used: to define statistically meaningful trends in contaminant
concentrations. The sampling frequency may be defined by the hydrogeologic and/or geochemical
conditions as well as the proposed statistical method for data analysis. For example, groundwater flow-
and contaminant characleristics (e.g., seepage velocity and contaminant loading) may dictate the sample
frequency Regardless of the factors, sampling frequency and duration will need to establish the range of
natural chemical variability within the aquifer. After a sufficient amount of data has been collected and the
geochemical conditions are understood, the frequency of sampllng may be reduced. See Section 5.4-tor
additional rnformatron on'sample collectlon and frequency

53 Selection of Natural Attenuatlon,Parameters '

Natural attenuatlon via blodegradauon depends on -the nature ‘of the organic contaminants” and the
oxidation-reduction (redox) environment within the aquifer. - Simply stated, if the: contaminants are fuels,
biodegradation will be most effective it the redox conditions are aerobic or oxidizing. If the contarninants
are chlorinated solvents, the brodegradatron will be' most effective (in the source and near source areasy if
redox conditions in the aqurfer are anaerobrc or reducrng ' :

Several parameters are needed to evaluate whether natural attenuation is taking place-and, if so, the rate
at which it may be occurring. The pnmary parameter providing direct evidence of natural attenuation is:
the aqueous -concentrations of parent” and -daughter volatile organic compounds. More specifically, a
decrease in percent products, ‘an incréase in.daughter products, evidence that the plume is stable or
shrinking in size, .and overall decline in contaminant concentrations is direct evidence of -natural
attenuation. Natural attenuation or. geochemrcal parameters that provide rnformatron about the redox
conditions ln the aqurfer include:

Dissolved oxygen
- Nitrate/nitrite
Dissolved manganese
Iron
' Sulfate/sulfide
Methane _
Oxidation-reduction potential (ORP)’

*® O o ¢ o 0 0

Secondary parameters that mdrcate blologrcal activity in’ the aqurfer and’ thereby support the natural.
attenuation evaluation include:

¢ Dissolved hydrogen
o  Alkalinity
¢ Dissolved carbon dioxide

The concentrations of natural attenuation parameters are used to define the aquifer redox conditions. It is
important to record and document the presence or absence (i.e., measurable or not measurable
concentration) of certain natural attenuation parameters. The presence or absence of a certain substance
may be sufficient to indicate the redox condition within the aquifer. By reference to Attachment B; which
illustrates the typical sequence of biologically mediated redox reactions in natural systems, it is apparent.
that, for example, sulfate reduction (producing dissolved sulfide in groundwater) does not operate in an
aerobic environment. Therefore, measurable sulfide should not be present if there is also dissolved
oxygen at concentrations indicating an aerobic environment. Attachment B also ilustrates the redox
potential (measured in mrllrvolts) associated with the redox reactions. ORP readrngs also -in- millivolts,
measured during well purging, may be compared with the range of values in Attachment B but with
caution. Redox potentials measured with a platinum electrode in natural water samples may be
mrsleadrng, especially when' biologically mediated reactions are important, because many of the critical
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reactions in Attachment B do not generate a response in the electrode. Dissolved hydrogen concentration
ranges associated with important redox reactions are.also indicated in Attachment B. Because dissolved
hydrogen- is actually used by microbiota during redox reactions, its concentration may provide an
addmonal indicator of the overall redox condition in the aquifer.

Attachments C and D tabulate the natural attenuation parameters for chlorinated volatile organic
compound and petroleum hydrocarbon plumes, respectively. The parameters listed in these tables are
organized in order of importance. Parameters selected for analysis shall be determined based on site
conditions, project-specific plans, and/or other criteria established for the project. Based on these criteria,
tis possrble that all of the parameters may be selected.

5.4 _ Selectlon of Natural Attenuation Analytical Methods and Procedures

There  are. many . analytical methods available to measure concentrations of the natural attenuation
parameters discussed in the previous sections. Attachment E summarizes the sample methodologies,
sampling equipment needed, sample volume, container, preservation, and holding time requirements.
This table also summarizes the detection limits and the detection ranges for each method. A number of
factors should be considered when selecting the appropriate sample analytical methodology lncludlng the
requrred parameters, appropriate detection ranges for each compound cost, and ease of use in the field.
For example, when determining the correct methodology for measuring concentrations of total sulfide, the
.. metabolic byproduct of sulfate reducing conditions, it is important to analyze for each of the forms of
sulfide (HQS S%2, and HS"). Also, when the detection limit of-the selected method is exceeded, another
method - may be ‘considered, or the ‘sampler may- be able to dilute the sample (per manufacturers
mstructrons) to quantify it within the detected range. In terms of cost, some parameters are very time
consuming when performed in the field. Without sacnfrcmg sample mtegnty it may be more appropriate to
select a methodology performed in a-fixed-base laberatory. Finally, in terms of ease of use, certain field
methods are generally easier compared to other methods. Using simpler methods may result in better
quality sample ‘results -and increased sample repeatability without sacrificing samiple integrity. For
example,.in some cases CHEMetncs Titret® Titration Ampule kits may be a good alternative to other hand .
digital titration- methods

The sample technlcrans should be aware that based on geochemical conditions recorded in the field,
- certain geochemical parameters may not have positive detections. For example, if dlssolved oxygen
concentrations indicate aerobic conditions then it-is unlikely- that dissolved hydrogen-is present (see
" Section 5.10 for additional lnformatlon) Another example is alkalinity. If 'the pH of the groundwater
sample is less than 4.5, then it is unlikely that alkalinity will be measurable. Despite the potential for non-
. detect results, in cases such as those described above, all parameters should be collected in- the field
based upon project plans. The value in collecting the parameters in the future shall be determined by the
pro;ect hydrogeologist and/or geochemist in accordance with the projects planning documents data quality
ob;ectlves (DQOJ and the items discussed in Section 5.2.

5.5 Procedu_;es for Sja_mple Collection

Groundwater sample collection for natural attenuation sampling should be performed -using ‘low flow
v purglng and sampling techniques. These techniques are described in detail in SOP SA-1.1. Low flow
purgrng and. sampling procedures should be used to ensure the collection. of a -sample  that:is
“representative” ‘of the water present in the aquifer formation. Mlmmlzmg stress on the aquifer formation
during low flow: purging and sample coilection ensures that there are minimal alternations to the water
chemrstry of the sample. . The criteria used in the purging process should include minimization: of
drawdown in’ the 'well, stabrllzatlon of appllcable indicator- parameters, and evacuation of a sufficient
amount of purge volume in accordance with SOP SA-1.1, project plans, and/or applrcable regulatory
guidance. .
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Tetra Tech NUS; iInc.



Subject Number Page
. SA-1.6 7 of 21
NATURAL ATTENUATION Revision Effective Date
PARAMETER COLLECTION 1 _ 09/03

Groundwater purging and sampling for natural attenuation should be performed using submersible pumps

" (e.g., bladder pumps) in accordance with SOP SA-1.1.. However, in accordance with project plans. and
applicable regulatory gwdance peristaltic pumps:may also be used for this purpose. Limitations of and
factors associated with usmg these devices should be considered (see SOP SA-1.1 for more information).
As a result of difficulties in collecting representatlve ‘groundwater samples, ballers should not be used for
the collection of natural attenuation samples.

It is critical that  disturbance and aeratIOn of samples monitored and collected at the well head are
minimized. As a result, a flow-through 'sampling. cell and a direct reading meter shall be used for the
measurement of well stabilization indicator: parameters (e.g., pH, conductivity, temperature, - dissolved
oxygen, turbidity, and ORP) at the well head. The pump effluent tubing should be piaced at the botiom of
the flow-through cell allowing effluent water fromv the cell to discharge at the top of the meter (above the-
detector probes) to minimize the agltahon of water in the cell

-Documentation of the purging process-shall be,‘recorbded during and at the completion of pUrging; as
discussed in Section 5.8. Immediately:following the purging process and before sampling; all applicable
indicator parameters must be measured and recorded on the appropriate sample log sheets as discussed
in Section 5.8. ’

After all of the purglng requirements have been met, groundwater samphng and natural attenuatlon data
collection can begin. Momtonng wells will be sampled using the same pump and tubing used during well
purging.

56 - , Procedures for Field Sample' Analysis

-Each of the field and fixed-base laboratory sample parameters requires dlfferent sampling procedures and
vholdlng times. Atlachment E presents parameter-specific requirements -for- sampling, -analysis, and
‘'storage of all of the parameters and methods sampled as part of natural attenuatlon analysis.

Due to parameter procedure and holding times, it is important to consider. the sequence of sample
collection and-analysis. Generally ‘speaking, with the exception of volatile organic compounds, field
parameters shall be analyzed first followed by fixed-base laboratory sample collection. Al samples will be
collected in a sequence and manner that minimizes volatilization, . oxidation, - and/or chemical
~transformation of compounds As a result, the following sample and analysns order should be followed:

1. Volatile organic compounds 8. Nitrate / Nitrite

2. Dissolved oxygen 9. Dissolved manganese

3. Alkalinity ' 10. Semivolatile organic compounds
4. Dissolved carbon dioxide 11. Other dissolved metals

5. Dissolved ferrous iron 12. Total metals

6. Dissolved sulfide (hydrogen sulfide and sulﬁde) - 13. All other constituents

7. Dissolved hydrogen, methane, ethene, and ethane

Field-analyzed parameters should be collected and immediately analyzed directly from the pump effluent
per the requirements on Attachment E and manufacturer's recommendations. Care should be taken to
minimize any unnecessary disturbance, aeration, or agitation of the sample prior to analysis. it is not
acceptable to collect and store samples that are to be analyzed immediately at the well head in a
temporary holding container (é.g., open topped pitcher) to be analyzed at a later time. »

The manufacturer’s procedure manual for each of the field-based analyses shall be maintained in the field
during the entire sampling program. The procedures give a detailed explanation of how to perform each
particular method and include information on sampling, storage, accuracy checks, interferences, reagents,
and apparatus needed to perform each analysis.

019611/P . - Tetra Tech NUS, Inc.
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5.7 ' Procedures for Quality Assurance and‘ Oualitv ControI‘Field Sarnple Analysis

" Accuracy and precision checks shall be performed to check the performance of the reagents, apparatus,
and field analytical procedures per the manufacturer's recommendations. The accuracy checks should
include the use of standard solutions (i.e., standard addition), as appropriate. The manutacturer’s field
~ test kit manual provides details on how to perform each of the accuracy checks for each parameter where
appllcable Refer to Sectron 6.0 for manufacturer contact information. :

Precnsron ‘checks must include the performance of- dupllcate analysis. When using a colorimeter,
precision checks may also include reagent. blank  corrections and standard curve adjustments as
recommended by the manufacturer. Field duplicate results shall-be performed -and evaluated for relative
percent difference (RPD) at a rate of 1-per10 samples or. as determrned by the pro;ect plans The RPD
can be calculated as follows E

RPl)

“First result - Second restit | <100
|Mean arithmetic (average) of firstand second resultl .

If the RPD exceeds. 50 percent, it is requrred that the test be performed again _to. verlfy the result. The
duplicate results shall be documented in the 'Notes’ sectron forthat specrfrc parameter on the appropriate
sample logsheet (see Sectlon 5. 8) : _ -

If a colorimeter (eg HACH DR 890 or equivalent). is used for. parameter analysrs an mstrument
performance verification, test using absorbance standards may also.beperformed to ensure the meter is

. provrdlng accurate measurements

The followrng table lists examples of the types and’ frequencres of accuracy checks required for each

parameter Refer to the manufacturer’s mstructrons tor rnformatlon regardmg other analyses

Parameter ,Method . Standard- Freld Duplrcate Reagent Blank
o : - Solution’ LT e Correction
- Alkalinity - CHEMetrrcs o ‘None ~1perio. None
S - K-9810, -15,-20 S _
Caibon dioxide CHEMetrrcs , None 1 peri0 None -

: K-1910, -20, -25 RN L
Dissolved oxygen CHEMetrics - None: -~ 1per10 ‘None
Ferrous iron " HACH DR-890 None 1per10. - None
Nitrite HACH DR-890 : iperround = | - tper10-. 1-perlot
Nitrate HACH DR-890 ~tperround - | . - 1perto. - 1 per lot
Suffide - . |- HACHDR-890 . None . 1per10: None
Hydrogen sulflde "HACH HS-C' None - ~tperi0. ““None

" Prior to analysrs the expiration dates of reagents shall be checked.. If the reagents have exceeded: their
expiration date or shelf life, the reagents shall be replaced. - 1f -deviations from the: applicable analytical
procedure are identified; the deviations shall be corrected and the assocnated samples re-analyzed. If

_problems. are identified with.the reagents, apparatus, or procedures, data interferences may be present.
Interferences may also be due to other factors (e.g., pH, presence or concentration of: other ions, turbidity,
temperature; etc.)-that may interfere with the sample result. - The manufacturer's procedures (e.g., Hach,
1999) should be reviewed prior to analysis to avoid or mlnlmrze such rnterferences Associated problems
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or suspected interferences shall be documented in the ‘Notes’ section of the sample logsheet. Often,
interferencés cannot be avoided. - In these cases, the sampler should be aware of these potential
mterferences and document them properly

5.8 Documentation Procedures for Field Sample Analvsvis

Field results shall be properly documented in the field as noted in-SOP SA-6.3. The sample log sheet
titled “Field Analyncal Log Sheet, Geochemical Parameters” shall be prepared for each sample collected
and analyzed in the field. A copy of this form can be found as Attachment F of this SOP: Other field log
sheets (e.g., low flow purge log sheet groundwater sample logsheet etc) shall also be completed in
accordance with SOP SA:6.3. o .

Specific information shall also be recorded in the project logbook.- This information shall include,-_ but is not
limited to, the test kit name and model number, lot humber and expiration date of the test kit and reagents
used, serial number of the instrument (e.g:, colorimeter) used for the analysis, and results -of the quality
assurance and quality control field sample analysis. Because environmental conditions and changes in
those conditions may affect the field analytical results, it is important to. document the site conditions
(weather, temperature, etc.) at the time of sampling in the logbook in accordance with SOP SA-6.3.

5.9 Waste Handling and Disposal

Several of the test kits listed in Attachment E require the use of chemicals and materials that must be
properly handled and disposed of in a proper and responsible manner. Refer to specific manufacturer's
guidance for handling and disposal practices. - See also Section 6.0 for more detailed and complete
information. Handling and disposal of these items should be conducted in accordance with all focal, state,
and federal guidelines. .

5.10 Understanding Field Sample Anathical Results

Natural attenuation data interpretation is' complicated by the complex inter-relationships of various
parameters. The complexity reflects the myriad of biochemical processes. Real-time evaluation of field
analytical data can be misleading because a full interpretation often requires combining the field analytical
results with fixed-base laboratory results. Regardless, some simple observations and data interpretations
in the field may. provide .insights about the monltonng system or early warnings about- sample collection
and handling problems

Data collected from the designatedv upgradient ‘monitoring well is the  baseline from which other
interpretations are made. Field analytical data will indicate that the upgradient environment is either
oxidizing or reducing. The redox condition within the upgradient area of the aquiter may be natural or
impacted by other contaminant source areas (see Section 5.2 for upgradient well selection). 'Regardless,
the redox condition of the upgradient groundwater will influence the source area.” Changes in field
analytical results from the upgradient well to the source area well will be reflected in samples from
monitoring wells further downgradient.

The general characteristics of the two redox environments are summarized in the following table;
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Aerobic/Oxidizing . - Anaerobic/Reducing

Measurable dissolved oxygen (>1 to 2 ppm)
Measurable nitrate

No measurable dissolved manganese

No measurable dissolved ferrous iron

No measurable dissolved oxygen (<1 ppm)
No measurable nitrate

Measurable dissolved manganese
Measurable dissolved ferrous iron

 Measurable dissolved sulfate +-No measurable dissolved sulfate
|« No measurable dissolved sulfide fe ’Measurable,,diséolved'sulfi_de :

¢ No measurable dissolved methane o Measurable diSsolved methane
s No rne'asurable'dissolved hydrogen e Measurable drssolved hydrogen

Transmonal envrronments between these two extremes may have mtermedrate charactenstrcs and are’
actually - qurte common. Because reactions are mediated by biological systems, equrllbnum (the basis for
the figure in Attachment B) ‘conditions. wrthln the aqurfer should not be expected. For example; sulfate
reduction environments may occur in close proxrmrty o methanogenrc environmernts, -and-this natural
attenuation data may be difficult to:interpret.  Carefully collected and: analyzed field measurements and
sample collections for fixed-base laboratory analyses ‘are -designedto characterize the - aquifer
environment along the continuum between strongly aerobic and strongly ‘anaerobic. - Because the land
surface environment is- generally more oxidizing than any groundwater environment, sample handllng at
the point of - collection” and-analysis is extremely important- in- preservmg the chemlcal mtegnty of the
groundwater sample. .
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ATTACHMENT A
HYPOTHETICAL LONG-TERM MONITORING STRATEGY
&
NAPL : © , Extent of Dissobved
Sourge Aren. Conlaminant Plume
Q) O ®
Phme Migration ~ O d
LEGEND
# Contingency Wel o
C Loag-Term Monitoring Wel Mdt ToScde Flgméé‘l o
. e o _ Hypothehcal Lang-l'egm
Mote. Canpex sites may requie more wells, . The fingl ; #oring Stya ‘
ALmbe mgpta:fe,‘mem Y ouldts6 dotearimedin conundion Momt_qimg Strategy -
with the ppropriate reguldors . ' Non-Discharging Plume

Taken from: Department of the Navy, 1998, Technical Guidelines for Evaluating Monitored Natural'
Attenuation. of Petroleum Hydrocarbons and Chlorinated Solvents in Ground Water at -
Naval and Marine Corps Facilities, Prepared by Todd Weidemeier and Francis Chappelle.
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ATTACHMENT B

REDOX POTENTIALS FOR VARIOUS ELECTRON ACCEPTORS
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ATTACHMENT C

NATURAL ATTENUATION PARAMETERS FOR
: CHLORINATED VOLATILE ORGANIC COMPOUND PLUMES
SCREENING PROCESS SUMMARY FOR REDUCTIVE (ANAEROBIC) DECHLORINATION

~Potential Electron Donors

Electron Acceptors:

'Reduced Species:

Related Dechlorination
Pathway:

-Native total organic carbon (TOC)

“Anthropogenic carbon (e.g., leachate)
v Fuel hydrocarbons (e.g., BTEX)
Lighﬂy chlorinated solvents (DCE/VC)

Carbon Dioxide (CO2) .

. Dissolved Oxygen = - DCE - VC -.C0O2
Manganése (Mn) => Manganese (Mn2+) ~  DCE—VC
Nitrate (NOg) —  Nitrite (NO2) - DCE VG
Ferric irbn {Fe3h = Ferrous Iron (Fe?+) . DCE-VC - COs
Sulfate (SO4) = Sulfide (5%, HS" HpS) ~ TCE—DCE —VC— Ethene |
Carbon Dioxide (CO2) —, Methane (CHa) ~  PCE — TCE — DCE —> VG -

Ethene

Geoche_mical Parameter List:

Parameter _ Field Rationale Importance |
or Lab
Volatile organic L Source products; daughter products; electron donors (e.g., benzene, 1
compounds toluene, ethylbenzene, and xylene; BTEX) :
Dissolved o'xygeh : F Primary electron acceptor (respiration); an/aerobic indicator 1
Nitrate (and nitrite), Fort vAnaer'obic electron acceptor (product of nitrate reduction) 1
dissolved ) :
Manganese, dissolved ForL | Anaerobic electron acceptor 1
Ferrous lron-(Fez,") - F Product of iron reduction 1
Sulfate [and sulfide (8'2)] ForL | Common anaerobic electron acceptor (product of sulfate reduction) 1
Suffide (HpS) F Common product of sulfate reduction 1
: Méthane, ethane, ethene L Product of methanogenesis; daughter products of reductive dechlorination 1
Chioride . L Ultimate daughter product of reductive dechlorination R
“TOC - upgradient L Electron donor 1
‘groundwater. .
ORP, pH, specific F General water quality determination 1
conductance, temperature,
turbidity '
Carbon dioxide (CO») Anaerobic electron acceptor (methanogenesis); biotic respiration indicator
AIkaIinity/DIC ) F Buffering capacity; biotic respiration indicator
' Hydfogen, dissolved Fingerprint for characterizing electron acceptor pathway - indicator of what 2.
‘ redox is occurring _
TOC - upgradient soil L Input to analytical NA models; quantifies soil-water distribution coefficient 2
: ' and retardation factor ‘ '
Volatile fatty acids L Determination of anthropogenic carbon used as an electron donor 3

Importance: 1=Most important; 3=Least important (depending on DQOs, all may be recommended).
See Attachment E for details regarding analytical methods. '
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ATTACHMENT D

Parameter Fieldor | Ratlo_nale‘ Importance
Lab . :
_| Volatile organic compounds L Source products daughter products , 1
- _ 3 “electron donors (BTEX)
Dissolved oxygen 'F" | Primary electron acceptor (resplratlon) 1 5
: . - | anfaerobic indicator. . : »
Nitrate (and'nilrite), dissolved - ForL Anaeroblc electron acceptor (and product 1
_ L : | of nitrate reductlon) C
Manganese, dissolved ' ~ ForL | Anaerobic electron acceptor 1
Ferrous iron (Fe2¥) F | Product of iron reduction - - 1
Sulfate [and Sulfide (S2)] ForlL | Common anaerobi¢ electron acceptor 1 ‘
o : . .| (product of sulfate reduction)
-Sulfide’ (HoS) B F ... | Common product of sulfate reduction 1
TOC - upgradient groundwater - L Electron donor N 1
- | ORP, pH,:specific conductance - ~F | General water quality determlnatlon 1
- temperature, turbidity v , :
' Dissolved methane (CH,) L 'ProdvUCt 'of:_methanOQenesi's B o1
‘Anions: . L LT 1
chloride (Cl), - :
[ nitrate (NO3),
‘nitrite (NOy),
‘phosphate (PO,),
sulfate (SO,) _ Lo 0 g
| TOC - Upgradient soil L Input to analytrcal NA modeéls; quaniifies 2.
soil-water distribution: coefﬂment and '
o _ ' retardation factor C
Biological oxygen demand (BOD) L Understanding of aquifer oxygen demand 30
Chemical oxygen demand (COD) L _Understandmg of aqurfer oxygen demand 3

‘See Attachment E for details regardmg analytlcal methods:

Importance 1*Most important; 3_Least rmportant (dependlng on DQOs all may be recommended)
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-Migrosseps gasstipping celt

-RSK SOP-147 & 176

Fle!d bubble-strip sampling required. Ship in glass sephum vial (Microseeps only),

Parameter Mothod / Reference Equipment / Method Sample Volums, Container, Preservation, & Holding Time Range Precision Estimated
Chemlstry ‘(mglL) {mg/L) Detection Limit
. . . R B {mgiL)
Alkalinity © [CHEMetrics K-9810,'K-9815, K- {Titret® Titration Ampules / 'Field. Follow tast kit instructions. Avold agitaion and analyze at well head to detsrmine total| -~ 10-100 (K-9810) N/A 10
8620 " {Hydrochloric Acid; [alkalinity. Fliter If wrbid (>10 NTU): . 50-500 (K-9815) g 50
ASTM D 1067-82 Phenalphthalain 100-1000 (K-9820) 100-
-EPA 310.1
|Alicalinity Fixed-base [ab NIA 100 to 250 mL in-glass or plastic container. Coal to 4°C. Analyze wﬂhm 14 days Filter if N/A N/A N/A
-EPA 310.1 . - turbid.
Allcalinity / Dissoived - [RACH AL-DT Digital Titration / Fisld. Follow test kdt instructions. - Avoid nglhﬂon and analyze at well head lo delermint 104000 N/A 10
Inorganic Carbon . HACH 8203 R Hydrochloric Acid, carbonate, bicarbonate, and hydroxide lons. Fiter if turbld as recommended by manufacture,{ - .
-SM 2320/ SM 403 Phenolphthalein (P) and May use a pH meter for colored samples;
: : Total (M) ) .
Arsenic Fixed-base lab N/A 1 Gter glass or polyethyiene container, HNOy lo pH < 2, 6 months, NIA SONA N/A
-SW-6010°8 - SN . . B
Blochemical Oxygen - (Fixed-base lab N/A 2 Rer HDPE. Coul to 4°C. ‘Analyze within 48 hours. T N/A NIA N/A
Demand -EPA 410.1 i .
Carbon Dioxide, CHEMatrics K-1910, K-1920, K« (Titrel® Titratlon Ampules /. |Fleld. Follow test kit instructions.” Avoid agitation and analyze at well head. 10-100 (K-1910) NIA 10
dissolved 1928 : Sodiun Hydroxide, S . : s I 100-1000 (K-1920)’ 100
‘1-ASTM D 613.82 . Phenolphthalein ' 250-2500 (K- -1926) 280
-SM.4500-C0,-C . :
Carbon Dioxlde, Fixad-base lab G(_:-ECD[RGDIFID Detector 40 mL in VOA vial, 2\0 Jvials by (Vaponuch) N/A. . N/A N/A.
dissolved - VOA water sample (Vaportech)| - - R )
Carbon Dloxide, R leed-bau lab (GC-ECD/RGU/FID Datector F-Id bubble-strip sampling requwed Ship In glass uptum wal {Microsesps only). - N/A NIA. N/A
ps gas stripping cell -
Carbon Dioxide, HACH CA-DT Digital Titration / Sodlum . " . Flald Followtesl Kit Ins!melions Danot ume or agitate, Anilyu atwel head: 10-1000 NiA 10
|dissolved -HACH 8205 Hydroxide, Phenoiphthalein
|-Mod. SM 406 : .
Chemical Oxygen Fixad-baselab N/A 125 mL HDPE. Hy50, to pH:<2,0. Cool to 4°C. ‘Analyze whthin 28 days. N/a NIA NiA
Demand -EPA 410.1 . ) Ce S s : - . g
{Chloride (C1) Féxed-bau lab - (NIA 100 t0:250 mL in glass or plaslic container. Cool 1o 4°C, Analyze within 28 days. N/A NIA N/A
-EPA 300 . . : R ) : )
Chiorine - Total (Cl;). - |HACH DR-850 Colorimeler / DPD Method  |Fieid. Follow test-Ktinstructons. 0.02-2.00 -+001 mnlL . 1
: -HACH 8167 : - o fwitha v.00mgiL] '
-SM 4500-C1 chiorine
L . solution.
Conductance, Specific [Field Metgr Direct Reading Meter' 100 to 250 mL In glass or plastic oontainer, Analyze Immadialaiy: N/A N/A N/A
-SW-8050 A i - ) : . ; . -
Ethane, disvolved Fixed-base lab GC-ECD/RGD/FID Detector 140 ml in VOA vial. 2toi 3 vials by (Vaportech), NiA N/A - NiA
. -VOA waler sample, Vaportech . . S : . R N e
-RSK SOP-147 & 175 .
Ethane, dissolved Fixed-base lab GC-ECD/RGD/FID Detoctor N/A N/A
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‘Ul ‘SAN Yool endl

e Movlhud 1 Reference

“Equipment / Mathod -

. |Fixed-baselab -
g 300 .

Y the

NiA~

Paramster Sample Volume, Contalner; Preservation, & Halding Time Range Pracision Estimated
Chemistry . : ; {mg/L) (mg/t) Detaction Limit
. . - . S (mgiL)
Elhene, dissolved leed-baso lab GC-ECD/RGD/FID Detector 140 mL in VOA vial. 2ta 3 vials by (Vaportech). N/A N/A N/A
VOA water sample, Vapensch : Co .
-RSK SOP-147 & 175 . i -
Ethene, dissolved: Fixedbaselab - . (GC-EC D/RGD/FID Detector [Field bubble-strip sampling required.  Ship in‘glass septum vial (Microseeps only), N/A N/A N/A- .
o -Microseaps gas stripplng ceil. | . B . . - ) . o .
~|-RSK-SOP-147.£'175 : o EE . . )
Fraction Orgamc Fixed-base lab . T INIA: " |200 gram'glass jar.” Cool to 4°C.- Analyze within 14.days. N/A - NIA” N/A
" |Carbon (foc)-Solf. - -Walk-Black - . : R . o R B
Upgradient Saturated:. |-SW-846 8060
Soil
Hydrogen, dissolved * :|Fixed-bass lab GC-ECD/RGO/FID Detector |Flald bubble-strip.sampling required. Ship in.glass septun vial, N/A NA- . NIA
X w0 Migroseeps orVapanuhgas SR T e e P R “ . . HE
|stiipping cell: -
-RSK SOP-147 & 175 - . e
Iron, ferrous (Fa ™) HACH DR-850 |Colerimeter T Fleld Follow test it instnuetions. Analyze rmmadlamly at well head. Filter, lnurbld (»10 0-3.00° 40,017 mghL 0.03
-HACH 8146 1,10 Phe { n!hrohh L INTUY an bym X with 3 2,00 mg/L]
“|-Mod, SM.315:8 : S Fe solutién. |
Tron, ferraUs (Fe™) - HACH IR-18C Coler Oee. Fleld Follawus( kit Anar«/zu ] az well hu:d Flnerlmrbld(>10 0-10 NIA- 0.2
-Mod. SM.3158B 1,10.PI NTU)-aé d L L
iron, total digsolved - |Fixed-baee lab N/A s |280.mL In plastlc connmr Fleld. ﬁlterlu 0. 45 W HCi pH <2, Ceol to 4°c Analyz; wnhln NIA - NIA NIA
(Filterat)) -SW:848 60108 |6 months. ) -
|Mariganese (Mn*)  |HACH DR-850 Colormeter / Cold Penodalo Field.' Follow test kn lnslruchons Avold aglhllon and an:lyze at'wall head, Flllerlﬂurbld as) - 0-200 | sl 0127,
WHACH 8034 Oxidation r ded by th . 04000 [ e
.CFR 44(116) 34193 e g, M. .
- : “solution, -
[Manganese (Mn™) HACH MN.5 . Color Dise / Culd Pmodm Field, Follow test kit Instructions. Avald agltation md ana(yu at va\l hesd,’ Fﬂtzr K\urbld as -y NA B A
. -Mod..SM 319 B8 - [Oxidation r by:the R ' .
-CFR 44(116) 34183 i Co . : .
total lab. NIA 250 mLIn pllsllc container. -Fleld flllar!a 0450 Hcl to pH <2. Ccnl to'4°C. -Analyze within | NiA . NIA N/A
‘dlssn)vsd (Fllmrad) - | swm 80108 - 6 monne. -
Mi I - (Fixed-base lab . - - GC-ECD/RGD/FID Detsctor (40 rnL in VOA vial, 2to 3 vials by(Vaponech) NIA N/A NIA
-VOA water: sampls Vnportech : ; h
- - | |-RSK SOP-147.8 175 * . o : . g
Methans, dissolved .. - |Fixed-base fab - . |GC-ECD/RGD/FID Detactor [Field 'bubbl'&m’p urnp(lng required. . _Ship I_n glass scphm vial (Microsesps only): © NIA N/A NiA
-Mitroseeps gas smppmp call . ’ ' 3 . . .
-RSK SOP-147 & 175 . R
Nitrate (NOy') {Fixed-base lab R 250 mL plastic vnnhmer Covl to "c Analyze wilhin 48 hours, N/A NIA © N/A
E “1-EPA 300 R k L . . .
Nitrate (NOy') HACH DR-850 Colorimeter / Cadmium . r-leld Foliow test lot ln!lmcllonl Avoid Iglhnon and lnatﬂe at well ‘head.” F’mr“lmen! 0-0.50 *0.03mgt 0.01
-HACH 8182 . Reducﬂon . rnqunrld H nltdte is present, . with 2 D25 mght
|-Mad. EPA 3532 of ntrate
! : nirogan (NG~
L . . § - - " N) solutlon:
Nitile (NOy) JNFAL 250 mL plastic container. Cool10 4°C.” Analyze within- 48 hours, Filter Hf turbld a5 “. NIK N/A
- . ded by Ps S S )
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d/L 19610

DUl 'SMIN Y981 end L

Parameter Method / Reference Equipment / Method $Sample Voiume, Contalner; Preservation; & Holding Time . Range Pracision Estimated
Chemistry S ' - (mg/L) (mg/L) Detectlon Limit
T . . . S (mgil}) -
Nitrite (NO7'} HACH DR-850 Colorimeter / Dlazotization [Field, Follow tost kit instructions, Avoid agitation and analyze at well head. Fiiter fturbid as' 0-0.350 *0.001 mgil T 0,005
-HACH 8307 r d by the fa Lo - with 2 0.250
-Mod. EPA 354.1 mgl nlirite
-Mod, SM 419 nitrogen
-CFR 44(85) 25585. solution.
Nlirogen, dissolved Fixed-base Jab GC-ECD/RGD/FID Detector |Fleld bubble-sirip sampling required for Microseeps.: Ship in glass septum vial (Microseeps) N/A NIA N/A
-Microseeps gas stipping celt or VOA vial (Vaportach).
- Vaportach VOA water sampla
[Nitrogen, Total Kjeldahi |Fixeg-base lab - INFA 500 mL plastic/giass contalner. Cool to 4°C. K;SO, to pH < 2. Analyze within 28 days. N/A NiA N/A
: -EPA 3512 :
Oxidation Reduction  {Field Meler Direct Reading Meter Fieid. Oo not asrate, Genly agitate. probe using flow over ot flow-lhrough method. Analyze N/A N/A N/A
Potential -ASTM D-1498 immediately at well head.
Oxygen, dissolved CHEMBsldcs K-7501, K-7512 [CHEMets® Vacuum Viais / (Fleid, Follow test kit instructions. Avoid agitation and analyze Immediately at well head. 0-1 (K-7501) N/A 0.025
LASTM D 5843-84 1Rhodazine D and indigo 1-12(K-7512) 1
-ASTM D BB7-92 Camine
Oxygen, dissoived Flxed-base lab GC-ECO/RGD/FID Detector {40 mL in VOA vial. 2to 3 vials by (Vaportech). N/A NiA N/A
-VOA water sample, Vaporiech
-RSK SOP-147 & 17§ .
Oxygen, dissolved Fixed-base |2b GC-ECD/RGD/FID Detector |Fleid bubble-strip sampling raquired. Ship in glass septum vial (Microseeps only), Nia N/A N/A
~Microsesps gas stripping cell .
-RSK SOP-147 & 178 |
Oxygen, dissolved HACH OX-DT Digital Titration / Azide Field, Follow test kit Instructions, Avoid agitabion and analyze immediately al well head, 1410 N/A 1
-HACH 8215 Modification of Winkler
-SM 4500-C-G Digftal Titratlont Method .
Oxygen, dissolved HACH DR-850 (AccuVac -Indigo Carmine Methed Fisld. Follow test kitinstructions. Aveid agitation and analyze Immedlatety at wef! head, 0-0.8 ppm 0.01 ppm N/A
- - |Ampules) -Rhadazine D Method 0-10 ppm 0.1 ppm
LR HROC Msthod .
(Oxygen, dissolved Field Meter Direct Reading Meter Analyze Immediately at well head. Avold agitation and analyze immadiately at well head. N/A NIA Nia
Usad for wall ization r parameter onty,
pH Field Meter Direct Reading Meter Anatyze immediately at well head, N/A N/A N/A
-SW 90408 ’
Phosphate (ortho) Fixed-base lab lon Chromatography 250 mL plastic container, Coello 4°C. Analyze within 48 hours. Filler if turbid as N/A NIA N/A
: -EPA 300 by the :
Phosphata, potassium Fixed-base lab [inductivaly Coupled Plasma {250 ml plastie container. Coal to 4°C, Analyze within 48 hours. Fliter if turbid as N/A N/A N/A
-SW-848 60108 by the fa .
Salinity Field Meler Direct Reading Meter Analyze i lately. NIA N/A N/A
Sulfate (SO Fixed-base Izb N/A -|250 mL plastic contalner. Coolto4°C, Analyze within 48 hours, Filter if turhid as. N/A NiA N/A
by the .
Sulfate (SO, %) HACH DR-850 Colorimeter / Turbimetric  |Flald. Follow test kit instructons. Fiker if turbid as ded by Ihe facture, 0-70 +0.5mpl with 4.9
-HACH B0S1 SulfaVerd a 50 mg/L
-EPA 3754 sulfats solution.
Suifide (Hydrogen HACH HS-C Color Chart/ Effervescence |Field. Follow test it instryctions, Avoid agitztion and analyze immediately at well head, o5 N/A Q.1
Sulfide, H;8) *HACH Propristary of H;S through sultde
-Mod. SM 426 C reactive paper,
Sulfide (S CHEMelries K-9510 CHEMets® Vacuum Vials / [Fleid. Follow test kit Instructions, Avoid agltation and analyze immediately at well head. 01 LU LAl
-SM 4500-5* |Methylene Biue : 1410 1
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d/1i9610

Ul “SMNY3L Bilay.

. Equipment / Method

" “Preclsion

- £180:1

Parameter Method / Reference Sample Volumes, COntalnar, Pr_as ervallon. & Haldlng Time Range -Estimated
’ . “Chemistry ’ ’ ’ {mg/L) (mg/t) Detectlon Limit
. . (mg/L)
Sulfide (59 ~ |Fixed-base lab IN/A - 1 fiter in plastic contalner no hudspave NaOH to-pH >9.-Cool to 4'c Avcld ig«tlﬂon and - NIA N/A N/A
l-EPA'376.1/370.2. : analyze within 7 days. : - DL N
SuMfide (5% HACH DR-850 - |Colorimeter / Malhyiene Field. Foliow test kit instru ctions. Aveid agitation and unalyzelmmedlllely at mll he:d 0-0.70 +0.02mgl 0,01
: - FHACH 8131 Blie Pretreatment required; for turbid samples asr d bythe qur with 2 0.73 mg/L,
-SM 450057 . o : : sulfide solution.| * - )
Sulfde (57 HACH HS-WR" . {Coflor Disc / Methylene Biue Fleld. Followtasl kit msxrvutwns Aveold lgluuon and lnulyze |mrnodlllery st 'well head. 0-19.28 . ONAL . 0.3-25
i :SM 4500-8° : - . Pretreatment required for turbid samples as d by the. .. .
Temparature Fleld Meter/ Thenmometer - Direot Reading Meter / Anawu lmmcdlnlaly : N/A N/A T NiA
. . |- E170.4 T . y
Total Organic.Carbon ~|Fixed-base fab” N/A 125 mL HOPE. H;SO;to pH <2 D COoI to4°C, Analyze within.28 days. N/A N/A - N/A
(TOC -Groundwater - |-E 415,1 .
Turbldity Fieid Metsr Direct Reading Meter -|Analyze immadiately. N/A - N/A N/A

N/A'= Not applicable.
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FIELD ANALYTICAL LOG SHEET, GEOCHEMICAL PARAMETERS

Note: Analyte, method, and/or equipment may be delsted from form if not being performed.

=

PAGE 1 OF 3 ’

FIELD ANALYTICAL LOG SHEE1

Subject Number Page
, SA-1.6 19 of 21
NATURAL ATTENUATION Revision Effective Date
PARAMETER COLLECTION 1 09/03
ATTACHME_NT F

: GEOCHEMICAL PARAMETERS
Tetra Tech NUS. Inc. = Page _ of
Project Site Name: Sample ID No.:
. Project No.: " Sample Location:.
Sampled By: Duplicate: [ 3 -
. Field Analyst: . Btank: |}
“} Field-Form Checked
Salinity
() (- mv)
EAM 3]
ORP (Eh) {(+/- mv) Electrode Make & Mode!:

: S Reference Eledrode (circle one} Silver-Silver Chioride ./ Calomel / Hydrogen
Dissolved Oxygen: : :
Equipn’_:ent Chemetrics;l‘est Kit Ci ppm

Range Used: Range Method - |Concentration ppm -
D ) 0101 ppm " K-7510 i Analysis Time: - .
l I 11012 ppm. | K-7512
b= quipment HACH Digital Titrator, OX-DT :  Analysis Tirre:
Range Used: Range lSample Vol. ]Canﬁdge I Multiplier Titration Count l Muhiplier ] Concentration
- O 1-5 moh 200m - 0200N 0.0 : X001 = mgl
- 210 mgiL . 00 m 0200N . £.02° %002 = mylL
[Notes:
Carbon Dioxide: ) .
Equipment Chemetrics Test Kit Concentration; ppm v
Range Used: Range “ Method Coﬁceﬁuaﬁm ppm
] 10t 100 ppry . |- K-191D Analysis Time:
I I 100 te 1000 ppm K-1920
| I 250 to 2500 ppm K-1926
[Equipment HACH Digital Titratof CA-DT ;
Range Used: Range lsample vl ICam'idg l Titration Count I I Concenbation
£ 18-50 mght 2005 0.383N 0.1 : x01 = moll’
] 20-100 mgh 100 D3B3BN 0.2 x 0.2 = mg/L
100-200 mg/L 200m  3.696N 1.0 10 = molL i
] 200-1000 migl. 100 . 3E3BN__ 20 %20 = mrgiL
Addit L1 vtwemMamrey___. . Digits Required: 1L 20 3
Notes: :
Hydrogen, dissoived )
Lquipment ‘Bubble stip samnpling field method
Start siripper at . {time)
End stripper at (ime)
Total stripper lime
Pump rate milliliters/minute

019611/P
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Subject Number Page
SA-16 20 of 21
NATURAL ATTEN UAT'ON Revision Effective Date
PARAMETER COLLECTION 1 09/03
ATTACHMENT F
FIELD ANALYTICAL LOG SHEET, GEOCHEMICAL PARAMETERS
‘PAGE2OF 3
Note: Analyte, method, ahdlor'equipmgnt may be deleted from form if not being performed.
T FIELD ANALYTICAL LOG SHEET
A — GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. AR N Page __ of
Projeét Sits Name: Smple 1D No.: '
| Project No.: " Sample Location:
Sampled By: Duplicate: D -
Field Analyst: “Blank:- Cl
Aalinity: | S ,
N Eq\iprij\entv'ChgmelricsTesl Kt i Concentmﬁnn: ppm
Range Used: Range Method -~ Concentration ppm .
10 10 100 ppm’ K-9818 .+ Analysis Time:
= 50t 508 ppm | wcaB15 .
- EJ 100101000 ppm } - K.8820 | Firerea: [
JEquipmem: - " HACH Dighol Titsatow AL-DT' : )
Range Used: ‘Range ) ISzmple Vol ]Cirlﬁdge liMth'piier Tiration Court . Multiplier l Conhentiaﬁan
[ ] 10-4D mgh 300°m) . BABODN:, 0.3 f R Cxpy ‘mg/L.
) 40-160.mgA. 25m . 0.1600N - 0.4 L& x4 = mgl
. i 100400 mgA < 300wl - 1E0GN- 1D & Sx18 = mg/L
e 200-800mgA. | 50mi . 1BAON- . 2.05 ) & %202 gL
1 500-2000 mgL .- 20 1600N - 50 & x50 = mylL
1000:4000 mg/: 10m " 1B0ON T 10.0 L x100 . = oL
Pararﬁaher. Hytdroxide Carbonate ] Bicarbonélz
FSlandam Additions; [T wwartMokerity: . DigisR Sre nd.; s
Noles; . .. ) :
Ferrous Iron (Fe*): o ‘
Equipment - - . DR-850 OR8_ _ Range: 0- 3.00 mg/L Concentration: _ppm
ProgramMbdule:  500nm 33 : '
Analysis Time:
“fequipment . IR-18C Color Wheel Range: 010 mgl. Co
INotes: ) . . . Filtered: D
Hydrogen Sulfide-(H,S): Range.D- 5 moL
. Eﬁmprnen( HS-C _ Other. Cmtemrﬁion: ppm
Exceeded 5.0 mgfL range. on color chart D 'v_Anah_ysisTime:
INCIES: : . K R .
[suifide (s%):
Equipment Chemetics Test Gt ) Range: 0- 10 mgiL Cw ‘ppm
) Range Used: ° Range ‘Method - [Concentration ppm

L1 010 ppm K.9510 s Analysis Time:

[ " 11010 ppm K:9510 : -
R : ) Fifiered: D o
Equipment ~ DR-850 DR.8__ . Range:0.-070mpL :

. Program/Modute; 610nm 93 ’
Noles:*

019611/P
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Subject Number Page
SA-1.6 _ 21 of 21
NATURAL ATTENUATION Revision Effective Date
PARAMETER COLLECTION | 1 ' 09/03
ATTACHMENT F
FIELD ANALYTICAL LOG SHEET, GEOCHEMICAL PARAMETERS
PAGE3OF3 ‘ ;
Note: Analyte, method, andfor equipment may be deleted from form if not being performed.
FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS .
Teba Tech NUS. Inc. - _ Page _of
Project Site Name: : Sample ID No.: :
Projéct No.: o Sample Location:
Sampled By: Dipficate: [}
Field Analyst: Blank: [ ]
Suifate (S0,%): : :
Equipment. DR;BSO X OR-B__ Range: 0- 70 mgi Concentration: ppm
Prograrm/Module: ] Analysis Time:
Standard Seolution: D Results Filtered: D
Standard Additions: D Digits Required: D.1mit. 02mi 0.3mk;
Notes:
INitrate (RO -N):
Equipment DR-850 DR-8__ Range: 0- B .50 mg/L.® Con j ppm .
PrograryModule: ’ » 55 ‘ Anaiysis_'ﬁme; - Fiefed: D
Standard Solution D Results Nirite Interference TrealmenL‘D Reagernt Blank Curr.enjun:D
Standard Additiors: 13 Digits Requires: B.1mt 02mt 0.37m; i
|Anernate forms. NG, NaNO, mgL '
Notes (1): If results are over limit use dilution method ai step 3, 5ml sample'JDml DI result X3, range upto 1:.5mg/L
Notes;
Nitrite (NO,-N): . Concentraton: . © ppm Co
qui DR-850 DR-8_ _ Range: 0 - 0.350 mgit Ana}ys"sTlrna ) . Filered: D
ProgramyModule: %2
Standard Solutiorr D Results . Reagefu BIar_LCorreuiort‘g
Notes: )
lManganese [M\z‘): Caoncentration: ppm, : :
Equipment DOR-850 DR-8 . _ Range: D - 200 mg/L Ana‘lys's Time: Filtered: D
ProgranyModule: 525mm Ll ‘ o .
Standard Solutiore D . Results: Digestion: D Reagent thnk Cmectiﬁn:D
Stondard Additons: 11 Digits Required: 0.1 mt. o2m_____ 03mt ) '
Equipmaﬁt HACH MN-5 Range: 0 - 3 mgt
Notes: ) .
QA/QC Checklist:
JAD data fields have been completed as necessary: D
Correct measurement units are cited in the SAMPLING DATA block: [
Values dlted in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: D
Mulitplicalion is correct for eactWultiplier table: . D
Final calulatéd concentration is within the appropriat&ange Used block: D
lAlkalinity Refationship is determined appropriatly as per manufacturer {HACH ) instructions: ) D .
QA/QC sémple {e.g.. Std. Additions, etc.) Irequency is appropriate as per the project planning documents: L D
Nitrite interference reatment was used for Nitrate !es.t if Nitrite was detected: ’
[Title block on each page of form is initialized by person who performed this QA/QC Checldist: D
019611/P Tetra Tech NUS, Inc.
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1.0 PURPOSE

" The purpose of this Standard Operating Procedure (SOP) is 1o identify and designate the field data reoo‘.r'd 0

forms, logs and reports generally initiated and maintained for documenting Tetra Tech NUS field activities.

~

2.0 '~ SCOPE

Documents presented within this procedure (or equivalents) shall be used for all Tetra Tech NUS held_ '
aclivities, as applicable. Other or additional documents may be requnred by specific client contracts or.’
project planning documents. :

3.0 GLOSSARY
None
4.0 RESPONSVIBlLlTIES

Project Manager (PM) - The Project Manager is responsible for obtaining hardbound, controlied-
distribution logbooks (from the appropriate. source), as needed: . In addition, the Project Manager: is-
responsible for placing ail field documentation used in site activities (i.e., records, field reports, sample
data sheets, field notebooks, and the site logbook) in the project's central flle upon the completlon of field
work. : : :

Field Operations Leader (FOL) - The Field Operations Leader is reSponS|bIe for er'xsunng that the snte_
logbook, notebooks, and all appropriate and current forms and field reports illustrated. in- this gwdellne '
(and any additional forms required by the contract) are correcﬂy used accurately filled out, and completed o
in the required time- frame L

5.0 PROCEDURES
5.1 Site Logbook
5.>1 A General

The site logbook is a hard-bound, paginéted controlled- distribution record book in whicvh all ma]or onsite:
activities are documented. At'a minimum, the following actlvmes/events shall be recorded or. referenced'
(daily) in the site logbook: :

All field personnel present

Arnval/depanure of site visitors

Time and date 6f H&S tra:mng
- Arrival/departure of equipment

Time and date of equipment calibration -

Start and/or completion of: borehole, trench, monitoring: well mstallatlon ete.

Daily onsite’ activities performed each day :
~Sample pickup information

Health and Safety issues {level of protection observed, etc)

Weather conditions ;

A site l_ogbook shall be maintained for each project. The site logbookvshall be initiated at the start of the
first onsite activity {e.g., site visit or initial reconnaissance survey). -Entries are 1o be made for every day

019611/P
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that onsite - activities take place which involve Tetra Tech NUS or subcontractor personnel. Upon
- completion of the fieldwork, the srte !ogbook must become part of the project's central file.

- The followrng rnformatron must be recorded on the cover of each site logbook:

Project name

Tetra Tech NUS pro;ect number
Sequential book number

Start date’

End date -

Information recorded darly in. the site Iogbook need not be duplicated in other field notebooks (see Section
'5.2), but must summarize the contents of these other notebooks and refer to specific page locations in
these notebooks for detailed mformatlon {where apphcable) An example of a typical site logbook entry is
shown in Attachment A.

If measurements’ are- made at any location, the measurements and equipment -used must either be
recorded in the site logbook or reference ' must be made to the field notebook in which the measurements
are recorded (see Attachment A).

All logbook; notebook and log sheet entries shall be made in indelible mk (black pen is preferred). No
erasures are permitted. - If-an incorrect entry is made, the entry shall be crossed out with a single strike
-mark,.and initialed and dated. -At the completion of entries by any individual, the Jogbook pages. used must
be signed.and dated. The site logbook must also be srgned by the Field Operations Leader at the end of
each.day.

5.1.2 Photographs

When movies, slrdes or photographs are taken of a site or any momtonng location, they must be
numbered sequentially to correspond to logbook/notebook entries. The name of the photographer, date,
time, site location, site description, and weather conditions must be entered in the logbook/notebook as
the photographs are taken. -~ A series entry’ may" be used for rapid-sequence photographs. The
photographer is_not required to record the aperture settings and shutter speeds for. photographs taken
within the normal: automatic exposure range. However, special lenses, films, filters, and other image-
enhancement techniques must be noted in the logbook/notebook.. If possible, such technlques shall be
avoided,. since they can adversely affect the accuracy. of photographs. Chain-of-custody procedures
depend upon the subject matter, type of camera (digital or film), and the processing it requires. Film used
for aerial photography, confidential- information, - or - criminat investigation require chain-of-custody
procedures.  Once processed, the: slides of photographic prints shall be consecutively numbered and
labeled according to the logbook/notebook descriptions. The site photographs and associated negatives
and/or digitally saved images to compact disks must be docketed into the project’s central file.

5.2 Field Notebooks

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent
field activities conducted dvrectty under their supervision. For example, on large projects with multiple
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain a
separate field notebook.. Where several drill rigs are in operation simultaneously, each site gedlogist
assigned to oversee a rig must maintain a field notebook.
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53. Field Forms

Al Tetra Tech NUS field forms. (see list in Section 60 of this SOP) can be found on the companys -
intranet -site (http://intranet.itnus.com) under Field Log Sheets. Forms may be altered or revised for
prolect-specmc needs contingent upon client approval. Care must be taken to ensure that all essential
information can be documented. Guidelines for completlng these forms can be found in the related

vsamplrng SOP
5.3.1" Sample Collection, Labeling, Shi_pment, Request for Analysis, and Field Test Results
5'.3';1'.1" v Sample Lod’Sheet

Sample Log Sheets aré used to record specrfred types of data whlle samplmg The data recorded on -
these sheets are useful in describing the sample as well as pointing out any problems difficulties, or
irregularities” encountered during sampling. - A log sheet must be completed for each sample obtained, |
including field quality control (QC) samples.

’5’.3."’1 .2' Sample Label
A typrcal sample label is Hlustrated in Attachment B Adhesive labels must be completed and applred to
evety sample container. . Sample labels can usually be obtained from the appropnate Program. source

a -.electronrcally generated in- house or are supplied trom the laboratory subcontractor

5.3.1.3 Chain-of- Custodv Record Form

. The Charn of- Custody (COC) Record is a multi-part form that is initiated as samples are acqurred and
‘accompanies a sample (or group of samples) as they are-transferred from’ person:to person. This form
must be used for any samples collected for. chemical or geotechnical analysis whether the analyses are
performed on site or off site. One carbonless copy of the completed COGC form: is ‘retained by the field

" ‘crew, one copy. is sent to the Project Manager (or desrgnee) while the orrgrnal is sent to the laboratory.
The originat (top; signed copy) of the' COG form shall be placed inside alarge leloc type bag and taped -
inside the lid of the shipping cooler. . If multiple coolers are' sent butare included on one COC form, the
,COC form should be sent with the cooler containing vials for VOC analysrs or the cooler with the air bill.
attached. The air bill should then state how many coolers are included- with that shipment. ‘An example of
a Chain-of-Custody Record form is provided. as. Attachment C. 'Once the samples are received at the
laboratory, the sample cooler and contents-are checked and any problems. are: noted on the. enclosed
COC form {any discrepancies between the sample fabéls and COG form:and any. other problems that are
‘noted are resolved through communication between the-laboratory: point-of-contact and the Tetra Tech
‘NUS Project Manager). The COC form is srgned and copied. “The laboratory will retarn the copy whrle the
,orrglnal becomes part of the samples* correspondlng analytrcal data package

5 3.1. 4 Cham of-Custody Seal

Attachment D is an example of a custody seal The Custody seal is an adhesrve backed: label. Itis part of
a charn-of—custody process and is used to prevent tampering - with samples after. they have been collected
in-the field and sealed in coolers for transport to the.laboratory. The COC seals are signed and dated by

~.the. 'sampler(s) and .affixed across the lid . and body of -éachcooler (front -and. back) “containing
environmental samples (see SOP SA-6. 1). -COC seals may be available from the: laboratory, these seals
may also be purchased from a supplier. .
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5.3.1 5 Geochemical Parameters Log Sheets

Field Analytical Log Sheets are used to record geochemical and/or natural attenuation field test results.

5.3.2 Hydrogeological and Geotechnical Forms

5.3.2.1 Groundwater Level Measurement Sheet

A Groundwater Level Measurement Sheet must be frlled out for each round of water level measurements
made at a site. . _

5.3.2.2 Data Sheet for. Pumping Test

During the performance of a pumprng test {or an in-situ hydraullc conduc'uvrty test), a large amount of data v
must be récorded, often within a short time period. The Pumping Test Data Sheet facilitates this task by
standardizing the data collection format for the pumping well and observatlon wells, and allowing the trme
interval for collection to be laid out in advance. .

53.238 Packer Test Report Form

A Packer Test Report Form must be completed for each well upon which a paeker test is conducted.
5324 Boring l.og

During the progress of each boring, a log of the materials encountered, operation and driving of casing,
and location of samples must be kept. The Summary Log of Boring, or Boring Log is used for this-
purpose and must be completed for each soil boring performed. In addition, if volatile organics are.
monitored on cores, samples, cuttings from the borehole, or breathing zone, (using a PID-or FID), these
readings must be entered on the boring log at the appropriate depth.  The "Remarks” column can be used

to subsequently. enter the laboratory sample. number, the concentration of key analytical results, or other -
pertinent information. This feature allows direct comparison of contamlnant concentrations with sorl’
characteristics. :

5.3.2.5 Monitoring Well Construction Details Form

A Monitoring Well Construction Details Form must be completed for évery monitoring well, piezometer, or
temporary well point installed. This form contains specific information on length and type of well riser pipe
and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal characteristics.
This information is important in evaluating the performance of the monitoring well, particularly in areas
where water levels show temporal variation, or where there are -multiple (immiscible) phases of
contaminants. Depending-on the type of monltonng well (in overburden: -or bedrock, stick-up or flush
mount), different forms are used :

5.3.2.6 Test Pit Log

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log must be‘
filled out by the responsible field geologist or sampling technician.
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5327 Miscellaneous Monitoring Well Forms

Monitoring Well Materials Certificate of Conformance should be used as the project directs to document
all matenals utilized during each monitoring well installation. ,

The Monitoring Well Development Record should be used as the prOJect directs to document all well
development achvmes .

5.3.2.8 Miscellaneous Field Forms - QA and Checklists

Container Sample and Inspection Sheet should be used as the prolect dlrects each time a container
(drum tank, etc.) is sampled and/or inspected.

QA Sample Log Sheet should be used at the project directs each time a QA sample is colleted such as
Rinsate Blank, Source Blank, etc. v

Field Task Modification Request (FTMR) will be prepared for all deviations from the project ‘planning
documents. The FOL is responsible for initiating the FTMRs. 'Copies of all FTMRs will be mamtalned with
the onsite planning documents and originals will be placed in the fmal evudence file:

The Field Project Daily Acnvmes Check List and Field Project Pre- Moblhzat:on Checkllst should be used "
during both the planning and field effort to assure that all necessary tasks-are planned for and completed ‘
These two forms are not a requirement but a useful tool for most fleld work.

5.33 Equipment Calibration and Maintenance Form

The calibration or standardlzanon of momtonng, measunng or test equxpment is necessary 1o assure the
proper operation and response of the equipment, to document the accuracy, precision or sensitivity of the
measurement, -and determine it correction should be applied to the readings. Some items of equipment
require frequent calibration, others infrequent. Some are calibrated by 'themanufactui'er,,. others by the
user. . v SRR I o

- Each instrument requiring calibration. has its own- Eqdip’ment' Calibration 'Log which documents: that the

manufacturer's instructions were followed for calibration of the equipment, mcludmg frequency and type of
standard or calibration device. An Equipment Calibration Log must be maintained: for each electromc
measuring device Used in the field; entries must be made for each day the equipment :is used or in
accordance with the manufaclurer's recommendations.

5.4 Field Reports

The pnmary means of recording onsne activities is the snte Iogbook Other field notebooks may also be
maintained. These logbooks and notebooks (and supporting forms} contain detailed information’ required
for data interpretation or documentation, but are not asily useful for tracklng and reporting of progress.
Furthermore, the field Iogbook/notebooks remain onsite for extended periods of time and are thus not
accessible for tlmely review by project management '

-5.4.1 Daily Activities Report

To provide timely oversight of onsite contractors, Da:ly Activities Reports are completed and submitted as
described below.
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54.1.1 Description

The Daily Activities Report (DAR) documents the actlvmes and progress for each day's fleld ‘work. This
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or other
related activities occurring which involve subcontractor personnel.- These sheets summarize the work
performed and form the basis of payment to subcontractors. The DAR form can be found on-the TINUS
intranet site. C

541.2 Responsibilities

it is the responsibility’ of the rig geologsst to comp!ete the  DAR and obtam the driller's signature
acknowledging that the times and quantities of material entered are correct. :

5413 Submittal and Approval

At the end of the shift, the rig geologist must submit the Daily Activities Report 1o the Field Operations
Leader (FOL) for review and filing. The Daily Activities Report is not a formal report and thus requires no
further approval. The DAR reports are retained by the FOL for use in preparing the site logbook and in
preparing weekly status reports for submission to the Project Manager

5.4.2 Weekly Status Reports

To facilitate timely review by pro;ect management photocoples of logbook/notebook entnes may be made *
tfor internal use.

It should be noted that in addition to summaries descnbed herein, other summary reports may also be
contractually required.

All Tetra Tech NUS field forms can be found on the companys mtranet Slte at http:/intranet.ttnus.com
under Field Log Sheets.

6.0 LISTING OF TETRA TECH NUS FIELD FORMS FOUND ON THE TTNUS INTRANET
SITE. HTTP /INTRANET.TTNUS.COM CLICK ON FIELD LOG SHEETS

~

‘Groundwater Sample Log Sheet

Surface Water Sample Log Sheet

Soil/Sediment Sample Log Sheet

Container Sample and Inspection Sheet
Geochemical Parameters (Natural Attenuation)
Groundwater Level Measurement Sheet

Pumping Test Data Sheet

Packer Test Report Form

Boring Log

Monitoring Well Construction Bedrock Flush Mount
Monitoring Well Construction Bedrock Open Hole
Monitoring Well Construction Bedrock Stick Up
Monitoring Well Construction Confining Layer
Monitoring Well Construction Overburden Flush Mount
Monitoring Well Construction Overburden Stick Up
Test Pit Log

Monitoring Well Materials Certificate of Conformance
Monitoring Well Development Record:
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Daily Activities Record _
Field Task Modification Request
Hydraulic-Conductivity Test Data Sheet
Low Flow Purge Data Sheet
QA Sample Log Sheet
Equipment Calibration Log
Field Project Daily Activities Checklist
Field Project Pre-Mobilization Checklist
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ATTACHMENTA
TYPICAL SITE LOGBOOK ENTRY

START TIME: DATE:I

SITE LEADER:  _

PERSONNEL:

TINUS ' : DRILLER * SITE VISITORS

WEATHER: Clear, 68°F, 2-5 mph wind from SE
ACTIVITIES:

Steam jenney and fire hoses were set up. -

2. Drilling activities at well ____-resumes. Rig geologist was __. See Geologist's
Notebook, No. 1, page 29-30, for details of drilling activity. Sample No. 123-21-84 collected; -
see sample logbook, page 42. Drilling activities completed at 11:50 and a 4-inch stainless’
steel well installed. See Geologist's Notebook, No. 1, page 31, and well construction details

for well ' _
3. Drilling . rig No.2 steam-cleaned at decontamination pit. Then set up at location of
well - . ' :
4. Well drilled. -Rig geologist was a . See Geologist's Notebook,v
No. 2, page for. details of drilling activities. Sample numbers 123-22-S1, 123-22-S2,

and 123-22-S3 collected; see sample logbook, pages 43, 44, and 45.

5. Well ___ was developed. Seven 55-galion drums were filled in the flushing stage. The well
was then pumped using the pitcher pump for 1 hour. At the end of the hour, water pumped
from well was "sand free.”

6. "EPA rem_ediéi project mariger arrives on site at 14:25 hours.

7. Large dumb truck arrives at 1 4:45 and is steam-cleaned. Backhoe and dump_truck set up
overtestpit_ . » :

8.  Test pit dug with cuttings placed in dump truck. Rig geologist was

: See Geologist's Notebook, No. 1, page 32, for details of - test pit
activities. . Test pit subsequently filled: No -samples taken for chemical analysis. Due to
shallow groundwater table, filling in of test pit ___ resulted in a very soft and wet area. A
mound was developed and the area roped off.

9. Express carrier picked up samples (see Sample Logbook, pages42 through45) at
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked.

Field Operations Leader
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ATTACHMENT B

Tetra Tech NUS, Inc. "~ Project:

s | - 661Andersen Drive Site:
. Pittsburgh; 15220 ite:
(412)921-7090 Location:

Sample No : : o | Matl’lx ..

Date . Time: | Preserve:. :

| |Anaysis:

|sampledby: | Laboratory:
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ATTACHMENT D

CHAIN-OF-CUSTODY SEAL

_oimpuubis 1 CUSTODY SEAL

eleq ~ Date

1vIS AQOLSNO ,§1gnagure" "
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1.0 PURPOSE

Decontamination is the process of removing and/or neutralizing site contamrnants that have contacted
and/or accumulated on equipment. The objective/purpose of this SOP is mtended to protect site
personnel, general public, and the sample integrity through the prevention of cross contamination onto
unaffected persons or.areas. . It is further intended through this procedure to provide guidelines regarding
the appropriate procedures to be followed when decontaminating drilling equipment, monrtonng well
materlals chemical sampllng equipment and field analytical equipment.

2.0 ' scoPE

ThlS procedure applies to all equ1pment including drilling equrpment heavy equtpment monltonng well.
materials, as well as chemical sampling and field analytical equipment decontamination that may be used
to provide- access/acqurre -environmental ‘samples. Where technologlcally and: economrcally feasible,

single. use sealed disposable equipment will be employed to minimize the. potential.- for cross
contamination. -~ This procedure also provides general reference information - on “the control of
contamrnated matenals :

3.0 'GLOSSARY

Acid - For decontamination of equipment when sampling tor trace levels of i lnorganlcs a 10% solution of
-nitric. acid in deionized water should be used. Due to the leaching. ability of nrtnc acrd it should not be
used on starnless steel. , . ,

Alconox/ngumo -'A brand of phosphate -free laboratory-grade detergent
Decontamlnatlon Solution - Is a solutton selected/ldentn‘red within the Heallh and Satety Plan -of Proyect-

‘Specific ‘Quality Assurance Plan. The solution is selected and employed as - dlrected by’ the pro;ect
chemlst/health and safety professional.

Deionized Water {D}) - Deionized water is tap water that has been treated by passing. through a standard
deionizing resin column. This water may also pass through additional filtering media to attain various
levels of analyte-free status. The DI water should meet CAP and:NCCLS specmcatrons for reagent grade, -
Type | water. . v

Potable Water Tap water used from any municipal water treatment system Use of an untreated potable
water supply is not an acceptable substitute for tap water. :

Pressure Washing - Employs high pressure pumps and.nozzle configuration: to create a high pressure
spray of potable water. High pressure spray is employed 1o remove sollds : .

Solvent - The solvent of choice is pesthlde grade Isopropanol. ‘Use of other solvents (methanol acetone,

pesticide-grade hexane, or petroleum ether) may .be required for particular pro;ects or for a particular

purpose: (e.g. for the removal of concentrated waste) and must be Justrfred in the project" planning -
documents. As an example, it may be necessary to use hexane when analyzing for trace. levels of

‘pesticides, PCBs, or fuels. . In addition, because:many of-these solvents are not. miscible in water the

equipment should be air dried pnor to use. Solvents should not be used on PVC equrpment or well

constructron materials. :

Steam Pressure Washing - Thrs method employs a high pressure spray of heated potable water. - This
method through the applrcatlon of heat provides for the removal of various organrc/rnorganrc compounds
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4.0 * RESPONSIBILITIES

Project Manager - Responsible for ensuring that all freld acllvmes are conducted in accordance wrlh.
approved project plan(s) requirements. S

Field Operations Leader (FOL) - Responsible for | the: 'onsile veriﬁcalion that all field - activities’ are
performed in compliance with approved Standards Opera'ung Procedures oras other\mse dictated by the .
approved project plan(s). :

Site Health and Safety Officer (SHSO) - The SHSO- exercises shared responsrbrlit'y with the : FOL.
concerning decontamination effectiveness.. All- equrpment arriving on-site (as- part of the equipment
inspection), leaving the site, moving between locations: are ‘required.to go through a. decontamination
evaluation. This is accomplished thro_ughvvrsual examination and/or instrument screening‘to determine
the effectiveness of the decontamination. process. = Failure to meet these objectives :are sufficient. to
restrict equipment from entering the site/exiting the srte/ or movmg o a new location on the site until thev
objectives are successfully completed.

5.0 PROCEDURES

The process of decontamination is accomplished through the removal of contaminants, neutralization of -
contaminants, or the isolation of contaminants. In order to-accomplish this activity a level of preparatron is
required. This includes site preparation, equipment selection, and evaluation of the process. - Site -
contaminant types, concentrations, media’ types, are primary drivers in the selection of the ‘types. of
decontamination as well as where it will be conducted. - For purposes of this SOP discussion: wrll be
provrded concerning general environmental mvestlgatron procedures

The decontamination processes are: typlcally employed at:

Temporary Decontamination Pads/FacrImes
Sample Locations

Centralized Decontamination Pad/Facrlrtres
Combination of some or all of the above’

The following discussion represents recommended srte preparatlon in: supporl ‘of the decontamrnalron

process.
5.1 Decontamination DesianCohstructioris ConsideratiOns
5.1.1 " Temporary Decontamination: Pads

Temporary decontamination pads are constructed at satelfite locations ln support of temporary work sites.
These structures are generally constructed to support the decontamination of heavy equipment such as
drill rigs and earth moving equipment but can be employed for smaller articles.

The purpose of the decontamination pad is to contain wash waters and potentially contaminated soils
generated dunng decontamination procedures. Therefore, construction of these pads should take ‘into
account the following considerations
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5:'1'»2 B

»  Site Location — The site selected should be within a reasonable distance from the work site but should
.avoid:

Pedestrian/Vehicle thoroughfares
Areas where control/custody cannot be maintained
Areas where a potential releases may be compounded through access to storm water transport

. systems, streams or other potentiaily sensitive areas.
" Areas potentially contaminated.

e - Pad—The pad should be constructed to provide the following characteristics
‘Size — The size of the pad should be sufficient to accept the equipment to be 'dec‘on'taminated as”
well - as permitting free movement. around the equipment by the personnel conductmg the

" decontamination.

" "Slope — An adequate slope will be constructed to perrnit the colle‘ction of the Water and poten_t'ially:
- contaminated soils within a trough or sump constructed at one end. The collection:point for wash

waters should be of adequate distance that the decontamination workers do not have to walk

’through the wash waters while completlng their tasks.

Sidewalls — The sidewalls should be a minimum of 6-inchesin: herght to provide adequate;

.. “containment for wash waters and soils. It splash represents. a potentral problem ‘splash guards
*should be constructed to control overspray. Sidewalls maybe constructed of wood rnﬂatables :
“sand bags etc. to permit containment. , :

Liner — Depending on the types of equipment and the decontamination method the liner should be -
--of - sufficient - thickness to provide- a puncture resistant barrier  between the decontamination -

operation and the unprotected environment. Care should be taken to examine the surface area’

“prior to placing the liner to remove sharp articles (sticks, stones, debris): that could puncture the

iner. Liners are intended to form an impermeable barrier. The thickness may vary from a -
‘minimum recommended thickness of 10 mil o 30 mil. Achieving the desired thickness maybe -

--achieved through layering lighter constructed materials. It should be noted that: various. materials
- (rubber; polyethylene sheeting) become slippery when wet. To minimize this potential hazard-

associated with- a sloped finer a light -coating of sand- maybe apphed to provrde tractlon ‘as
: »necessary : P .

"-.Wash/drymg Racks — Auger flights, drill/drive rods requrre racks posrtroned off of the ground to

permit these articles to be washed, drained, and dried while secured from falling during this
process A minimum ground clearance of 2-feet is recommended .

_‘Maintenance — The work area should be perrodrcally cleared of standrng water sorls and debns
““This_ action will aid in eliminating slip, trip, and fall hazards. In addition, these articles will reduce
_potential backsplash and cross contamination. Hoses should be gathered whennot in use io -
-eliminate potential tripping hazards. ' ‘ : L '

‘Decontamination Activities at Drill Rigs/DPT Units

Dunng subsurface sampling activities mcludlng drilling and direct push actlvmes decontamlnatlon of dnve
rods, Macro.Core Samplers, split spoons, etc. are typically conducted at an area adjacent to the operatron
Decontamination is generally accomplished using a soap/water wash and rinse . utilizing buckets and
brushes This area requires sufficient preparatron to accomplish the decontamination objectives.

019611/P

Tetra Tech NUS; Inc.




Subject DECONTAMINATION OF FIELD Number Page
EQUIPMENT SA-7.1 50f 8
Revision Effective Date
3 09/03

Buckets shall be placed within mortar tubs or similar secondary containment tubs to prevent splash and
spills from reaching unprotected media. Drying racks will-be employed as directed for temporary pads to
permit parts to dry and be evaluated prior to use/re-use.

513 Decontamination Activities at Remote Sample Locations

When sampling at remote locations sampling devices such as trowels, pumps/tubing should be evacuated
- of potentially contaminated media to the extent possible. - This equipment should be wrapped in plastic for
_ transport to the temporary/centralized decontamination location for final cleaning and disposition.

5.2 Equipment Decontamination Procedures

‘The following represents procedures to be employed for the decontamination of equrpment that may have
contacted and/or accumulated contammatlon through site investigation activities.

52.1 - Monitoring Well Sampling Equipment

5211 Groundwater sampling pumps — This includes pumps inserted into the monitoring well such
as Bladder pumps, Whale pumps, Redi-Flo, reusable bailers, etc.

1) Evacuaie to the extent possible; any purge water within the pu'mp.

2) Scrub using soap and water and/or steam clean the outside of the pump and tubing, where
applicable.
3) Insert the pump and tubing into a clean container of soapy water. Pump a sufficient amount of

soapy water through the pump to flush any residual purge water. Once flushed, circulate soapy
water through the pump to ensure the internal components are thoroughly flushed.

4) Remove the pump and tubing from the container, rinse external components using tap water.
Insert the pump and- tubing into a clean container of tap water. Pump a sufficient amount of tap
water through the pump to evacuate all of the soapy water (until clear).

5) Rinse equipment with'pestiCide grade-isopropanol

6) Repeat item #4 using deionized water through the hose to: flush out the tap water and solvent
residue as applrcable :

7) Drain residual deionized Water to the extent possible, allow components to air dry.
8} Wrap pump in aluminum foil or a clear clean pléstic bag for storage.
5.2.1.2 Electronic Water Level Indicators/Sounders/Tapes

During water level measurements, rinsing with the extracted tape and probe with deionized water and
wiping the surface of the extracted tape is acceptable. However, periodic full decontamination should be
conducted as indicated below.

" - The solvent should be employed when samples contain oil, grease, PAHs, PCBs, and other hard to
remove materials. It these are not of primary concern, the solvent step may be omitted. In addition, do
not rinse PE, PVC, and associated tubing with solvents.
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1) Wash with soap and water
2) Rinse with tap water -
3) Rinse with deionized water

‘Note: In situations where oil, grease, free product, other hard to remove matenals are. encountered
- probes and exposed tapes should be washed in hot soapy water.

5.2.1.3 Miscellaneous Equipment

Miscellaneous equipment including analytical equipment (water quallty testing eqmpmem) should be
cleaned per manufacturer’s instructions. This generally includes wiping down the sensor housmg and
rinsing with tap and deionized water.

Coolers/Shlpplng Containers employed to ship samples are received from the lab ina vanety of condmons. :
from marginal to extremely poor. Coolers should be evaluated prior to use for

-» Structural integrity — Coolers missing handles or having breaks within the outer housing should be
removed and not used. Notify the laboratory that the risk of shipping samples will not be attempted
and request a replacement unit. . _

s Cleanliness — As per protocol only volatlle organic samples are accompanled by a tnp blank fa
cooler’s cleanliness is in question (visibly dirty/stained) or associated with noticeable odors it should
- be decontaminated prior to use. .

lj Wash with soap and water
2) - Rinse with lap water '
3) Dry ‘

'_lf these measures lall to clean the cooler o an acceptable level, remove the unrt from use. as a shipping
container and notify the laboratory to provide a replacement unit.

5.2.2 'DoWn-_Hole Drilling Equipménl
This includes any portion of the drill rig that is over the borehole lncludlng auger fllghts dl’lll stems rods, N

and associated tooling that would extend over the borehole. This procedure is:to be employed pnor to
initiating the dnllrng/sampllng activity, then between locations. : ,

1) Remove all soils to the extent possible using shovels, scrapers, etc. to remove loose sorls S
2) . Through a combination of scrubblng using soap and water and/or steam cleanmg remove visible
dirt/soils. : '

3) Rinse with tap water:

4) Rinse equipment with pesticide grade isopropanol

5) To the extent possible allow components to air dry

6) Wrap or cover equipment in clear plastic until it is time to be used.
-5.23 Soil/Sediment Sampling Equipment

ThIS consists of sorl sampllng equipment mcludmg but not Ilmlted lo hand augers slalnless steel
trowels/spoons, bowls, dredges, scoops, split spoons, Macro Core samplers etc.
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1) Remove all soils to the exteni possible.
2) Through a combination of scrubbmg using soap and water and/or steam cleaning remove VIS|ble
dirt/soils. .

3) Rinse with tap water. -
4}  Rinse equipment with pesticide grade iso‘propahol
5) Rihs‘e with deionized water '
6) - To the exient possible allow compbnents to air dry
7) If the device is to be used ;mmedlately, screen wnth a PID/FID to insure all solvents (if they were

used) and trace contaminants have been adequately removed.
8) Once these dev1ces have been dried wrap in alumlnum foil for storage until it is time to be used.

5.3 Contact WasteIMatenals

During the course of field investigations dnsposable/smgle use equipment becomes contaminated. These
items include tubing, trowels PPE (gloves overboots splash suits, etc.) broken sample containers. ’

With the exception of the broken glass,_smgle use artlcles should be cleaned (washed and- rinsed) of
visible materials and disposed of as normal refuse. The exception to this rule is that extremely soiled
materials that cannot be cleaned should. be containerized for disposal in accordance with applicable
tederal state and local regu!anons

531 Decontamination Solutions .

All waste decontamination- solutions and rinses must be assumed to contain the hazardous chemicals
associated with the site unless there are analytical or other data to the contrary. The waste solution
volumes could vary from. a few gallons to several hundred gallons in cases where Iarge equipment
required cleaning.

. Containerized waste rinse solutions are best stored in 55-galion drums (or equivalent containers} that can
be sealed until ultimate disposal at an approved facility. These containers must be appropriately labeled.

5.4 Decontamination Evaluation

Determining the effectiveness of the decontamination process will be accomplished in the following
manner ' ‘ ’

» Visual Evaluation — A visual evaluationt will be conducted to insure the removal of particulate matter.
This will be done to insure that the washlng/nnsmg process is working as intended.

* Instrument Screening — A PID and/or.an FID should be used to evaluale the presence of the
contaminants or solvenis used in the cleaning process. The air intake of the instrument should be
passed over the article to be evaluated. A positive detection requires a repeat the decontamination
process. It should be noted that the instrument scan is only viable if the contaminants are detectable
within the instruments capabilities.
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» Rinsate Blanks — It is recommended that Rinsate samples be collected to

- Evaluate the decontamination procedure representmg ditferent - equipment applications: (pumps
versus drilling equipment) and different decontamination applications.

- 'Sihgle'_use disposable equipment — The number of samples should represent different types of .
equipment as well as different Lot Numbers of single use articles.

The collection and the frequency of collection of rinsate samples are.as follows:

e  Per decontamination method
. Per disposable article/Batch number of dlsposable amcles

It is recommended that an-initial rinsate sample be collected early in the prolect to. ensure that the
decontamination process is functioning properly and in an effort to avoid using a contaminated batch of
single use articles. It is recommended that a follow up sample be collected during the execution of the
project to insure those conditions do not change. Lastly, rinsate samples  collection may be driven by
types. of -and/or-contaminant levels. Hard to remove contaminants, oils/greases; some PAHs/PCBs, eic. .
may also support the collection of additional rinsates due to.the obvious challenges to the decontamination
process. This is a field consideration to-be determmed by the FOL. o .
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1.0 PURPOSE

This: procedure provrdes general guidance and information pertaining to proper monrlonng weII desrgn
_ mstal]atron and development

20 SCOPE

“This procedure is applicable to the construction of monitoring wells. The methods described herein may
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory
- . agencies have specrflc regulations pertaining to monitoring well ‘construction' and: permitting.. -These -
’requrrements must be determined during the project planning phases of the .investigation, and any
S requrred permits - ‘must be obtained before field work begins. Innovative monitoring well. rnstallatron :
.-technrques which typrcally are not used, will be discussed only generally in thrs procedure.

-~;&°’-‘” GLOSSARY

- Monltonng Wel - A well which-is screened, cased, and sealed which is capable ‘of providing a
’ groundwater level and groundwater sample representative of the zone being monltored Some. monrtonng
» wells may be constructed as open boreholes

L Plezometer A prpe or tube mserted into the water bearing zone, typically opento water flow at the bottom
- .“and 1o the atmosphere at the top, and used to-measure water level elevations. Piezometers may range in
ogize from 1/2 lnch dlameter plastrc tubes to well points or monitoring wells. -

B Potentrometnc Surtace The surface representatrve of the level to which water wrll rise ina well cased to -
<o the screened aqwfer .

. Poir '_ Drrve Pornt‘ - A screened or perforated tube (Typically 1-1/4 or 2 rnches in dlameter) with a
‘solrd conlcal hardened point at one end, which is attached to a riser pipe and. driven into the ground with
f-a sledge hammer drop werght or mechanical vibrator. Well points may be used for groundwater |njectron :

] rnstallatron and constructron The dnller ‘may also be responsrble for obtarmng, |n advance ‘any required
: permlts for monltorrng well mstallatlon and construction.

‘i'Fleld Geologrst = The freld geologlst supervrses and documents well mstallatlon and constructron.

,performed by the: driller,” and-.insures .that ‘well construction is adequate to provrde representatlve
- groundwater data from the monitored interval. Geotechical engrneers field technrcrans or other suitable -
B trarned personnel may also serve in thrs capacrly . v v :
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5.0 PROCEDURES

5.1 ~ Equipment/ltems Needed

Below is a list of items that may be needed when installing a monitoring well or piezometer:
e Health and safety equipment (hard hats, sbafety' glasses, etc.) as required by the Site Safety Oﬁioer.'
o Welldrilling and installation equip'ment with asso(:iated"materials (typically supplied'by the driller).

~ »  Hydrogeologic equnpment (welghted englneer‘s fape; water Ievel lndlcator retractable engmeers rule'
: electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink
marker for marking monitoring wells sample jars, well mstallatlon forms and a held notebook)

e Drive- point: installation tools (sledge hammer drop hammer or mechanrcal vibrator; tnpod plpe
wrenches, drive points, riser plpe and end caps)

5.2 Well Desngn

The objectives and intended use for each monitoring well must be ¢learly defined before the monitoring -
~ system is designed. - Within the monitoring’ system, different monitoring wells ‘may -serve different
- purposes and, therefore, require different types .of construction.” During all phases of the well design,
attention must be given to clearlly documenting the basis for design: decisions, the. details of well.
construction, and the matenals used. The objectives for installing the monitoring wells may mclude

. Determlnmg groundwater ﬂow directions and velocmes
» Sampling or monitoring for trace contaminants. '
» Determining aquifer charactenstlcs (e.g., hydraulic conductlwty)

Siting of monitoring wells shall ‘be performed after a preliminary. estimation of the groundwater - flow
direction. In most cases, groundwater flow directions and potential well locations ¢an be determined by an
experienced hydrogeologist through the review of geologxc data and the site terrain.: In.addition, data from :
production wells or. other monitoring wells in.the area -may be used to détermine the groundwater flow:
direction. If these methods cannot be used, piezometers, which are relatlvely inexpensive to install, may"’
have to be installed in a prellmmary mvestlgatlve phase to determlne groundwater flow dlrectlon

52.1 . Well Depth, Drameter, and Monitored Interval

- The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of each
investigation. Specmcatron of these items generally- depends-on the purpose of the monitoring system
and the characteristics of the hydrogeologlc system being monitored. ‘Wells of different depth, diameter,
and monitored interval can be employed - in the same -groundwater monitoring .system. . For instance;
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine
the vertical gradient and the depths at which contaminants are present. Conversely, a fully penetrating
well is usually not used to quantify or vertically locate a contaminant plume, since groundwater samples
collected in wells that are screened over-the-full thickness of the water-bearing zone will be representative
of average conditions across the entire monitored interval. . However, fully penetrating wells can be used
to establish the existence of contamination in the water-bearing zone. The well diameter desired depends
upon the hydraulic characteristics of the water-bearing zone, samphng requirements, drilling method and
cost.
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The decision concerning the monitored interval and well depth is based on the following (and possrbly
other) information: .

* The vertical IocatiOn of the contaminant source in relation to the water-bearing zone.
R . The depth thickness and uniformity of the water-bearing zone.

S The anttcrpated depth, thlckness and characteristics (e.g., densily. relative to water) of the
contammant plume. - :

.. Fluctuatlon in: groundwater levels (due to pumping, tidal influences, or. natural recharge/dlscharge, '
: events)

® . The presence andlocation of ?contaminants encountered during drilling.

‘o Whether the purpose of the installation is for determining exrstence or non-existence of contamlnatlon
or n‘ a partlcular stratugraphlc zone is being investigated. :

o ° 'T he analysrs of. borehole geophysrcal logs.

In most srtuatlons where groundwater flow lines .are’ horizontal, depending on the purpose of the well and'“ .

the: srte conditions, monitored intervals are 20 feet or less. Shorter screen lengths (5 feet or less) are-

_‘usually requrred where flow lines’ are not horizontal, (i.e., if the wells are to be used for accurate -

ent of the potentrometnc head at a specrfrc point).

Many factors mﬂuence the dlameter of a monitoring weI| The diameter of the monrtonng well depends on -
fthe appllcatlon ln determmlng well drameter the following needs must be consrdered

- _Adequate water volume for samplrng
Dnllmg methodology )
Type of sampllng devrce to be used
:f} Costs v :

. Standard monltonng well dtameters are 2, 4, 6, or 8.inches. Drive points. are- typrcally 1-1/4:0r 2 mches in-o

.~For monltonng programs which require screened monitoring: wells, either a 2:inch.or 4-inch~ -
‘well -is preferred “Typically, well diameters greater than 4 inches are used in. monitoring
fprograms in-which open-hole bedrock monitoring wells are used. With ‘smaller diameter wells, the volume
of: stagnant water in the well is minimized, and well constructron costs are reduced however the samplmg
' »dewces that can be used are Ilmlted '

1 .'In specrfylng well drameter samplrng requirements must be conS|dered (up to atotal of 4 gallons of water
“ may.be required for a snngle sample to account for full organic and inorganic analyses, and split samples), -

parlrcularly if the monitored formation is known to be a low-yielding formation:” The unit volume of water
: ‘.contamed wrthln a monltonng well is dependent onthe. well diameter as lollows

, :Casrng Insrde» Standmg Water Length to Obtain
.- Diameter (Inch) B 1 Gallon Water (Feet)
g S T , R -

AL C 1.53

6 . e : 0.68

If a well recharges qunckly after purglng, then well diameter may not be an important. factor regardrng
sample volume requirements. -
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Pumping tests for determining aqurfer characteristics may require larger diameter wells (for installation of
high capacity pumps); however, in small-diameter wells in- srtu permeabrlrty tests can be performed during
- drilling or after well installation is completed. :

522 ‘Riser Pipe and Screen Materials

“Well-materials are specified by diameter, type of material, and thickness of pipe. Well screens require an
additional specmcatlon of slot size. Thickness of pipe.is referred to as "Schedule" for polyvinyl chloride
.(PVC) casing and is usually Schedule 40 (thinner wall) or. 80 (thicker wall). .Steel pipe thickness is often
referred to as "Sirength®. Standard Strength is usually adequate for monitoring well purposes. With larger
“diameter pipe, the wall thickness must be greater to maintain adequate strength The required thickness
is ‘also dependent on the method of installation; risers for drive poinis reqmre greater strength than wells
-mstalled inside drilled bonngs .

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface
. materials the well penetrates, the type of contamination expected, -and natural water quality and depth.

. _Cost and the level of accuracy required are also important. The materials generally available are Teflon,

stainless  steel, PVC. galvanized steel, and carbon steel. Each has advantages and. limitations' (see
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used
materials are PVC and stainless steel. Properties of these two materials’ -are compared in Attachment B.

Stainless steel is-a good choice where trace metals or organic: sampling is required; however, costs are,
high.  Teflon materials are extremely expensive, but are relatively inert.and. provide the least opportunity
‘for water contamination due to well materials. PVC has many advantages, including low cost, excellent
availability, light weight, ease of manlpulatron ‘and widespread acceptance. The crushing strength of PVC
may. limit the depth of installation, but the use of Schedule 80 materials may overcome some of the
-problems associated with depth. However, the smaller inside diameter. of Schedule 80 pipe may be an
important factor when considering the: size of bailers or pumps required for sampling or testing. Due to
this. problem, the mmrmum well plpe size recommended for Schedule 80 wells is 4-inch I.D.

Screens and risers may have to be decontamlnated before use because oil- based preservatives and oil
used during thread cutting and screen manufacturing may contaminate samples Metal pipe may corrode

" and release metal ions or chemically react with organic constituents, but this is considered a minor issue.
Galvariized steel is not recommended where samples may be- collected for metals analyses as zinc and
cadmlum levels in groundwater samples may become elevated from leachrng of lhe zinc coatmg

,Threaded flush-joint casing is most often preferred lor momtonng well apphcatlons PVC Teflon, and
steel can.all be obtained with threaded joints. Welded-joint steel casing is also acceptable. Glued PVC
may* ‘release orgamc contaminants into the well, and therefore should no’r be used if the well is to be
sampled for organic constituents. .

When the water-bearing zone is in consolidated bedrock, such as limestone or-fractured granite, a well
screen is often not necessary (the well is simply an open hole in bedrock). -Unconsolidated materials,
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0. 020 inchis generally used
when a screen is necessary, and the annular borehole’ space around the screened interval is artificially
packed with an appropriately sized sand, selected based on formation grain size. The slot size controls

- the quantity of water entering the well and prevents entry of natural materials or sand pack. The screen

_shall pass no more than 10 percent of the pack material, or in-situ aquifer- material: The site geologist
shall specify the combination of screen slot size and sand pack which will be compatible with the water-
bearing: zone, to maximize groundwater inflow and minimize -head losses and movement of fines into the
wells. For example, as a standard procedure, a Morie No. 1 or No. 1040 No. 20 U.S. Standard Sieve size
filter pack is typically appropriate for a 0.020-inch slot screen; however, a No. 20 to No. 40 U.S. Standard
Sieve size filter pack is typically appropriate for a 0.010-inch slot screen.
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523 '_ . Annular Materials

Matenals placed rn the annular space between the borehole and riser pipe and screen include a sand

pack when necessary, a bentonite seal, and cement-bentonite grout ‘The sand pack is usually a medium-

to coarse-grained poorly graded silica sand and should relate to the grain size of the aquifer sediments.

The quantity of sand placed in the annular space is dependent’ upon the length of the screéned interval, -

but ‘should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite

pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equrvalent) is then
L placed to extent from the top of the bentonite pellets to the ground: surface '

On occasron, and wrth the concurrence: of: the involved- regulatory agencles monltonng wells may be
" packed: naturally (i.e., no. artificial sand - pack installed). In this case; the natural formation material is
allowed to collapse around the: well screen after the well is:installed.: ‘This' méthod has been used where -
the formation material itself is a relatlvely unlform gram size, or. when artrfrcral sand packrng is not possible:-
* due to borehole collapse ' ; .

Bentomte expands by absorbmg water and provides a seal between the screened interval -and - the
‘overlying portion of the annular space and formation. Cement-bentonrte grout.is placed on top of the -
- bentonite pellets, extending to the surface. ‘The grout effectrvely seals the remaining borehole annulus
~and efiminates the possibility for surface infiltration reaching the screened interval.” “Grouting also replaces
matenal removed during drilling and prevents hole collapse and subsidence arotind the well: = A fremie
‘pipe should be' used to introduce. grout from the bottom” upward, to: prevent: bndglng, and to provide a -
" “better.seal.” In. shallow boreholes that don't collapse, it may be more practlcal to pour the grout trom the o
surface wrthout a tremre pipe. : . -

: Grout is a general term whlch has several dlllerent connotatlons For all: practlcal purposes: within the
.-menitoring well: rnstallatron industry, grout: refers-to .the: solrdmed material. which is‘installed- and occuples;,
‘the annular space “above: the bentonite pellet seal. Grout, most of. the time; is made up-of‘one or.two.
assemblages of matefial; (e:g:, cement and/or bentonite). A cement-bentomte -grout,” which is the most. -
- .eommon type of grout used in monrtonng well completions; normally is'a mixture ‘of cement, bentonite;-
and ‘water at a ratio of ohe:90-pound bag of Portland Type | cement plus 3105 pounds of granular or: _
: flake-type bentonite, and. 6-7. gallons. of water. A neat cement consists of: one ninety-pound bag.of 1 -
“Portland Type.| cement and-6-7. ‘gallons of water. A bentonite: sturry (bentonrte and water mixed to a thick -
-~ - ‘but pumpable mixture) i is sometimes used- instead of grout for deep - well: rnstallatrons where placement of
. bentonite pellets is drfflcult Bentomte chips are ‘also occasronally used:for annular backfill rn place: of’f .
grout s R : L .

“In certarn cases, the borehole may be dnlled to a depth: greater than the antlcrpated well rnstallatlon depth O
For these cases, the well'shall be backfilied to the desired depth with. bentonite pellets/chlps orsand. Al
short (1-to- 2-foot) section of: capped riser pipe sump._is sometimes: ‘installed |mmed|ately below. the ’

| .~ screen, as a silt reservoir, when significant post—development srltlng is: antrcrpaled This will ensure that

RO the entrre screen surface’ remalns unobstructed o Lo

‘5.2:._'4 o Protectrve Casmg

When the well is completed and grouted to the surface, a proteclrve ‘steel casrng is typrcally placed over,
the: top of the well. This casrng generally has a hinged cap: and can be locked to: prevent vandalism. ‘The: -
protectlve casing has alarger diameter than the well and. is: set into the. wet cement grout over the- well-

- -~ upon completion. - In addition, one hole is drilled just above the cement ‘collar through the. protectrve casing ~-
. which acts as a weep hole for the llow of ‘water which may enter the annulus dunng ‘well development
purgrng or'sampling. .
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A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking
lot applications where the top of a monitoring well must be:below the pavement. The top of the riser pipe -
is placed 4to 5inches below the pavement, and a locking protective casing is cemented in place to- .
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement-
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away -« -
from the well head. S

53 Monitoring Well Installation

Pertinent data regarding monitoring well installation shall be recorded oni log sheets: asbdepic‘ted'an'd,_' S
discussed in SOP SA-6.3. - Attachments to this referenced SOP |I|ustrate terms and physrcal constructlon -
of various types of monitoring wells: . .

5.3.1 Monitoring Wells in Unconsolidated Sediments

After the borehole is drilled to the desired depth, well installation can: begin. The procedure for well
installation will partially be dictated by the stability of the formation in which the well is being placed. If the - :
borehole collapses immediately after the drilling tools are withdrawn, then a temporary-casing must be:
installed and well installation will proceed through the center of the temporary casing, and continue as the -

temporary casing is withdrawn from the borehole.’ In the case of hollow-stem auger dnlhng, the augerswill |-

act to stabilize the borehole during well installation.

Before the screen and 'ris'er pipe are lowered into the ‘borehole, all pipe and screen sections should be
measured with an engineer's rule to ensure proper placement. When measuring sections; the threads on' -
one end of the pipe or screen must be excluded while measuring, since the pipe and screen sectlons are
screwed fiush together.

After the screen and riser pipe are lowered through the temporary casmg, the sand pack can be mstalled ‘
A weighted tape measure must be used during the installation procedure to carefully monitor installation
progress. The sand is slowly poured into the annulus between the riser pipe and temporary casing, as the .
casing is withdrawn. Sand should always be kept. within the temporary casing during withdrawal.in order

to ensure an adequate sand pack. However, if oo much sand is within the temporary casrng (greater than "
1 foot above the bottom of the casing) bridging between the temporary casing and riser.pipe may occur.
Centralizers may be used-at the geologist's discretion, orie above and one below' the screen, to assure '
enough annular space for sand pack placement. .

After the sand pack is installed to the desire_d depth (at least 1 foot.above the top of the screen), then the
bentonite pellét seal (or equivalent), can be installed in the same manner as the sand paCk At least
1 to 3 feet of bentonite pellets should be installed above the sand pack. Pellets should be added slowly .
and their fall monitored closely to ensure that bridging does notoccur.

The cement-bentonite grout is then mixed and tremled mto the annulus as the temporary casing or augers
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4.

5.3.2 Confining Layer Monitoring Wells -

When drilling and installing a well in a confined aquifer, proper well installation techniqUes must be applied
to avoid cross contamination between aquifers. Under most conditions, this can be accomplished by
installing double-cased wells. This is accomplished by drilling a large-diameter boring through the upper
aquifer, 110 5 feet into the underlying confining layer, and setting and pressure grouting or tremie grouting
a large-diameter casing into the confining layer. The grout material must fill the space between the native
material'and the outer casing. A smaller diameter boring is then continued through the confining layer for
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installation of the monitoring well as detailed for overburden monitoring wells. Sutficient time (determined
by the field geologist),- must be allowed for settlng of the grout prior to drilling through the confined layer.

5.3.3 i Bedrock Monltormg Wells -

When lnstallmg bedrock monitoring wells, a large diameter bonng is drilled through the overburden and
approxmately 5 —10 feet into bedrock. - A casing (typically steel) is installed and either pressure grouted or
tremie grouted.in place. After the grout has cured, a smaller diameter boring is continued into bedrock to
the desired depth. If the boring does not collapse, the well can be lelt open, and a screen is not
‘necessary. |f the boring collapses, ‘then a screen is required and can be installed as detailed for
overburden monitoring wells. If-a screen is 1o be used, then the casing which is installed through the
overburden and into the bedrock does: not requ:re grouting and can be removed when the final well

o lnstallatlon is. completed

: 5,3;4 o Drive Pomts

. Drive points can be lnetalled'wnh either.a sledge hammer, drop hammer, or a mechanical vibrator. The

'screen séction is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is simply

. pounded into the subsurface to the desired depth. It a heavy drop hammer is used, then a tripod and

L pulley. setup is required to: lift the hammer Drive points typically cannot be manually driven to depths

b 'exceedlng 10 feet

',F.Dlrect push samplmg/momtonng _point mstallatlon methods usmg a direct push rig or dnlhng rig, are -
, .descnbed in SOP SA-2.5. :

lnnovatlve Momtorlng Well lnstallahon Techmques

> E,Certaln mnovatnve samplmg devnces have proven advantageous These devices are essentially screened_ '
..samplers installed ‘in a borehole with: only smali-diameter tubes extending to the surface. This reduces

drilling: costs, decreases the volume of stagnant water, and provides a. sampling system that minimizes =

- cross-contamination from sampling equipment: Four manufacturers of these samplers include Timco
'Manufactunng Company, Inc., “of Prairie du Sac, Wisconsin, BARCAD Systems, Inc., of Concord,
‘Massachusetts, Westbay . Instruments Ltd. of Vancouver, British Columbia, Canada and the University of

' .'Waterloo at Waterloo Ontano Canada Each manufacturer offers vanous constructlon materials.

Well Development Methods ‘

purpose ot well development is to stablllze and increase the permeability of the gravel pack around
the well:screen, and to restore the permeablllty of the-formation which may have been. reduced by drilling
- operations. Wells are typically developed until:all-fine material and drilling water is removed from the well."
‘Sequential measurements of pH; conductivity, turbidity, and temperature taken during development may

o yield information (stabilized values) regarding whether sufficient development has been performed. The
. selection of the well development method shall be made by the field geologist and is based on the drilling

" “methods, well construction and installation details, and the characteristics of the formation that the well is
screened in. ~ The primary methods ‘of - well development are summarized below. - -A more detalled
ss;on may be found in Drlscoll (1 986)

541 . Overpumpmg. and Back_washlng ;

- Wells may be developed by alternatlvely drawmg the water level down at-a high rate (by pumplng or
" bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into the
formatlon This back. and forth movement of water-through the well screen and gravel pack serves to
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remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of
sand grains. Backwashing can be accomplished by several methods, including pouring water into the well
" and then bailing, starting and stopping a pump intermittently to change water levels, -or forcing water into
‘the well under pressure through a water-tight fitting ("rawhiding"). Care should be taken when
backwashing not to apply too much pressure, which could damage or destroy the well screen. '

542 Surging with a Surge Plunger

A surge plunger {also called a surge block) is approximately the same diameter as the well casing and-is

aggressively moved up and down within the well to agitate the water, causing it to move in and out of the.

screens. This movement of water pulls fine materials into the well, where they may be removed by any of -
several methods, and prevents bridging of sand particles in the gravel pack. There are two basic types of-
surge plungers; solid and valved surge plungers. In formations with low yields, a valved surge plunger
‘may. be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow

back in.- Valved plungers are designed to produce a greater inflow than outflow of water during surging..

543 Compressed Air

-Compressed air can be used to develop a well by either of two methods: backwashing or surging. '
Backwashing is done by forcing water out through the screens, using increasing” air pressure inside a .
sealed well, then releasing the pressurized air-to allow the water to flow back into the well. - Care should be
taken when using this method so that the water level does not drop below the top of the screen, thus
introducing air into the formation and reducing well yield. Surging, or the "open well" method, consists of
alternately releasing large volumes of air suddenly into an open well below the water level to produce a
- strong. surge by. virtue of the resistance of water head, friction, and inertia. Pumping of the well-is

subsequently done using the air lift method.

5.4.’_4 High Velocity Jetting

In the hrgh velocity jetting method, water is forced at high velocities from a plunger-type device and
through the well screen to:lcosen fine particles from the sand pack and surrounding formation. The 1e’mng
tool.is slowly rotated and raised and lowered along the length of the well screen to develop the entire
screened area. Jetting using a hose lowered into the well may also be effective. The fines washed into:
the screen during this process can then be bailed or pumped from the well,

6.0 'RECORDS

“A critical part of monitoring well installation is recording of all significant details and events in the site” - 1

logbook: or field notebook. The geologist must record the exact depths of significant hydrogeologlcal
features, screen placement, gravel pack placement, and bentonite placement. '

A Mohiton’ng Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform
recording of data for each installation and rapid identification of missing information. Well depth, length,
materials of construction, length and openings of screen, length and type of riser, and depth and type of all
backfill ‘materials: shall be recorded. Additionat information shall include location, installation date,
problems encountered, water levels before and after well. installation, cross:reference to the geologic
boring log, and methods used during the installation and development process. Documentation is very
important to prevent problems involving questlonable sample validity. Somewhat different information will
need to be recorded, depending on whether the well is completed in overburden (single- or double-cased),
as a cased well in bedrock, or as an open hole in bedrock.

The quantities of sand, bentonite, and grout placed in the well are also important. The geolog‘ist shall
calculate the annular space volume and have an idea of the quantity of material needed to {ill the annular
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~space. Volumes of backfill S|gn|f|cantly higher than the calculated volume may indicate a problem such as
.a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill materials.
Any problems with rig operatlon or down-tlme shall be recorded and may affect the driller’s final fee.

7.0 ’ REFERENCES

Scalf, M. R J. F. McNabb W g Dunlap, R. L Cosby, and J. Fryberger 1981 Manual of Groundwater
-Sampling Procedures. 8. Kerr -Environmental - Research Laboratory, Office of Research and
Development, u.S. EPA Ada Oklahoma

’-Barcelona M. J., P. P Grbb and R.A. Mtller, 1983, AGmde to the selectron of Materials for Monitoring
Well. Construction and Groundwater Samplmq 1SWS Contracl, Report 327, lllinois. State Water Survey,
Champalgn Ilhnors . . AR e '

U S. EPA 1980 Procedures Manual for Groundwater Momtonnq -of Solid Waste Dasposal Facilities.
Publrcatlon ‘SW-611, Office of Solid Waste U.S. EPA Washrngton D C.
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ATTACHMENT A

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT)

Potentially-Deteriorating

Type of Casing Material -

* Trademark of DuPont

PVCT

Carbon Steel

‘ISubstance v : » e
' PV_C1 Galvanized | Carbon | Lo-carbon | Stainless .| -Stainless .| Teflon*
L L i . Steel Steel “Steel Steel 304 | Steel316 | -~ -
Buffered Weak Acid - .| 100" | . 56 . 51 59 97~ 100: 100}
Weak Acid.. - - 98" 59 43 47 96 1001 . 100:
Mineral Acid/ =~ 100 48 . 57..1 60 80 - 821 100 .|
High Solids C(')ntent R L , R SRR
Aqueous/Organlc 64 69 73 73 98 . 100" 100 °
. [Mixtures .~ o ' - i L R |
. Percent Overall Ratmg N 58 56 . 59 -93 ©96 o | -100 ]
Preliminary Ranking of qund Materials: : '
1 . Teflon® 5 -Lo-Carbon Steel
2  Stainless Steel 316 6 Galvanized Steel
3. Stainless Steel 304 7
4

RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)

*- Trademark of DuPont.

Source: Barcelona et al.,

1983

‘Potentially- Type of Casing Material-
Deteriorating -
Substance : o . R o
1 : PvC | PP | PE | PE |PMM] Viton™ | Silicone | Neoprene | Teflon™
v o Flexible _|Conv.| Linear] . N R .
| Buttered Weak Acid 97 97 .1 100 97 90 92 .87 F -85 | -100.
Weak Acid - 92 :.1.90 94 | 96 78 78 - 757 75 -} 100
|Mineral Acid/ 100 | 100 | 100 | 100} 95 | 100 78 - 82 100 -
High Solids Content . .| B B | B e ISEEEARS R
'|Aqueous/Organic.. . | 62 7t 40| 60§ 49 | 78 490444 -1 100
| Mixtures . i ' e EEREE Y T L
Percent OveraII' 88 90 |84 88: 78 87 720} 72 100
Rating ' : . L ’ :
Preliminary. Ranking of Semi-Rigid or Elastomeric Materials:
1 Teflon® o 5 PE Conventional
2 Polypropylene (PP) - 6 PIeXIQlas/Lucne (PMM)
3.. - PVC Flexible/PE Linear 7 Slllcone/Neoprene
4 Viton®
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,-ATTACHMENT B
COMPARISON OF STAINLESS STEEL: AND PVC FOR MONITORING WELL CONSTRUCTION :
Charactenstlc ' Stainless Steei ' : JPVC -
| Strength Use in deep wells to prevent i Use when shearand. compresswe
R ‘|compression and ciosmg of ' strength are not critical.
AL secreen/riser. -
1Weight _-| Relatively heawer Li@t—weight;’ floats in water.:
Cost “| Relatively expenswe . Relatively inexpensive.
‘Corrosivity | | Deteriorates more rapidly m corroswe :-Non -cofrosive -- may deteriorate in
o 'water o presence of ketones, aromatics, alkyl ~
’ ~ sulfides, or some chlonnated
L » ' - thydrocarbons. 1
Ease.of Use Dlﬂzcult to adjust snze or length in the Easyto. handle and work wvth inthe - '}
field, - _|field. .
'Preparatlon ior Should be steam cleaned if organlcs | Never use glue fittings - plpes should
Use: “fwill be subsequem_ly sampled.  be threaded or pressure fitted. Should
e ER be steam cleaned when used for
. v . WO : , monitoring wells.
Interaction with -~ May sorb organlc or morganlc . 3 ‘May sorb or release orgamc
Contaminants* . substances when omd:zed substances -
o See also 'Att_achment A
 019611/P
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1.0 PURPOSE

Well abandonment is that procedure by which any monitoring well is permanently closed. Abandonment
procedures are designed to prevent fluids from entering or migrating within the monitoring weli.,
Therefore, an abandoned monitoring well must be sealed in such a manner that it can not act as a conduit
for mrgratlon of contamlnants from the ground surface to the water table or between aquifers.

1t is important that the’ approprrate state or local agency be notified of monrtorrng well abandonment. The
application of and adherence to this SOP must be tailored to applicable state, local, and Federal
regulatory requirements.

20. SCOPE _

" The méthods descnbed in this procedure shall be used for all pro;ects requiring well abandonment where
specific state, local, or Federal regulations are unavailable. An abandoned well shall be filled and sealed
so that it will not act as-a pathway for the interchange of water between the surface and subsudace or
present a hazard to the envrronment

30  GLOSSARY

Well- Any constructed access pornt to an aquifer, contined or unconfined, mcludrng, but pot limited to, test
borings, hydropunch holes, monrtonng points, and productron wells

Abandon - To permanently discontinue the use of a well. Any-well shall requrre abandonment when it is
no longer serving asa monitoring point or is in such a state of disrepair that continued use for the purpose
‘of obtaining groundwater is rmpractrcable orwhen it has been permanently drsconnected from any water
- supply system or irrigation system. .

4.0 RESPONSIBILITIES

Project Manager - it shall be the responsrbmty of the Pro;ect Manager and/or Pro;ect Hydrogeologist to
determine the applicability of well abandonment, based on the established scope and. objective of the
project and _program-specific' requirements. It shall be: the responsrbrhty ‘of the Project Manager (or
designee) to ensure that the procedures established for well abandonment are’ thoroughly specified and/or
referenced in-the rélevant project- planning documents. It shall be the responsibility of the Project
Manager to ensure that the Field Operations Leader is familiar with the ‘proper procedures for well
abandoenment and confirm. the supervising project geologist or the subcontractor performing the well
abandonment are qualrfred to perform such activities.

N Field Operations Leader (FOL) - It shall be the responsrbrllty of the Field Operatrons Leader to ensure that
all field technicians ‘and/or drilling personnel are thoroughly familiar- with: this Standard Operatrng

Procedure. " It shall be the responsibility of the FOL to ensure that the procedures identified in this SOP are
- used dunng well abandonment

5.0 PROCEDURES
5;1 General

Well abandonment is warranted when the project team has reason to believe, on the basis of local
conditions, that the well is causing or is a potential source of pollution to an aquifer; is a productlon well
that is producrng water that is polluted; or does not have a certmcate of potability, if required. Wells may
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also be abandoned once their designed purposes have been fulfilled and are determined to no Ionger be .
of use. » N

Well abandonment is conducted to eliminate physical hazards, prevent groundwater contamihation,
prevent intermixing of aquifer waters, and conserve aquifer yield and hydrostatic head.

Please note Federal, state, and local ‘regulationé concerning this activity may vary. Therefore, applieable-
“regulatory requirements should be reviewed to determine the need for Licensed/Certified Well Drillers to:
_complete/oversight this activity. . '

5.2 Material for Sealing

Acceptable seallng materials lnclude concrete, portland cement grout, sodium- base bentonrte clay, or" :
combinations of these matenals These malenals are defined as follows:

. Concrete may be used for frlhng the upper part of a well or water bearing formahon or pluggrng short
sections of casrng and filling Iarge diameter wells.

» . Portland cement groul is superior for sealing small openings, penetrating any annular space outside
" the casing, and forfilling voids-in the surrounding formation. Portland cement grout-shall be
composed-of one bag: of Type | cement per 6 to 8 gallons of water. Two: parts' sand to one. part
cement may be added. ' R

« Bentonite clay, when applied as a heavy mud-laden fluid under pressure, has most of the advantages
of cement grout, but-under some conditions may be carried away into the surrounding formation..'A
bentonite clay mixture shall be composed of not less than 2 pounds: of clay per gallon. of water. B
Bentonite clay may not be used where it will come in contact with water of a pH below 5.0 or total
dissolved solids (TDS) content greater than 1,000 mg/L or both. ‘Bentonite may also be added to »
cement grout to add ﬂexrblllty :

Fill materials include clay, silt, sand, gravel crushed stone, or a mixtures of these materials may be used
as a filler in sealing a well when used.in conjunction with the sealing materials described above. Organic
material may not be used and fill material may. be required to be disinfected or certified clean pnor to use.
Spent dnllmg muds or drill cumngs are not to be used to seal'a well. v

5.3 Procedures for Sealing Wells

5.3.1 Preliminary Considerations

Several factors should be considered to determine the appropriate well abandonment method.. These-
~ factors include: . :

» - Conditions of the well.

Details of well construction, including casing material, diameter of casing, depth of well, and well
plumbness.

Obstructions within the well that may interfere with filing or sealing.

Hydrogeologic setting.

Level of contamination and the zone or zones where it occurs.

Regulatory requirements.

Degraded wells may not permit casing removal by pulling. Also, the casing material may dictate whether a
casing can be removed intact. Stainless steel will have a higher tensile strength than PVC and may hold
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together while pulling the casing; PVC well casing may break under pullrng and may need to be overdrilled
to remove it. The depth of the well and well plumbness may limit casing removal depending-on whether a
casing is pulled or overdrilled. In.some cases, casings can be left in-place if they are properly filled with
appropriate backfill. :

The formation lithology. influences the selection of casing removal. Unconsolidated materials can be
drilled  with hollow-stem augering techniques whereas consolidated mateérials cannot. Unconsolidated
- materials may also cave-in during well casing removal.

532  Filling and Sealing‘ Procedures

Drilled wells {all wells not dug) shall be frlled ‘with sealing materral ora comblnatlon of sealrng material- and
fill materral . . . v

In some cases, well casing removal is n'ecessary for well abando‘nment if the borehole is unstable and
may cave-in, sealing material will be emplaced srmultaneously during. casing removal. If the well is not
grouted, casing may be pulled with hydraullc jacks or a.drilling rig.” It may also be pulled by sandlocking.
Sandlocking consists of lowering‘a pipe wrapped with burlap approximately 2/3 of the well depth and filling
the burlap wrap with sand. The: pipe is slowly lifted and locks the sand, pulling the casing.  Well casings
can also be removed by overdrilling. Wells can be overdrilled with larger diameter hollow steam or ‘solid:
stem augers or direct rotary:techniques; using air. or mud. Augers used for overdnllrng should be at least .
2'inches Iarger in drameter than the drameter of the well casing.

If well casrng is in poor condition or is grouted in place the casing ‘may be npped or perforated and tllled
and | pressure grouted in place. . . '

Abandoned wells shall be frlled with’ the appropnate filling and sealrng material placed from the bottom of
the ‘well upward When Portland cement grout or concrete s used, it shall be - placed in- continuous
operation.using a tremie pipe. Sealing material shall be placed in the intérval or intervals to be sealed by
methods that prevent free fall, dilution, and/or separation of aggregates from cementrng materral

A well constructed in unconsolidated matenal in an uncontrned groundwater zone shall be filled and
sealed by placing fill matenal in the well to the level of the water table, and trllrng the remainder of the well
with sealing material. ' If the water table is at a depth greater than 40 feet, a mrnrmum of 40 feet of sealrng
matenal shall be requrred

A well whrch penetrates several aquifers or formations shall-be filled and sealed in such-a way as to .
prevent the vertical movement of water from one -aquifer or formation to-another. If the casing has been
removed; sealing material shall be placed opposite the confining formations and from the surface down to’
the first confining formation. - Sand and other suitable fill material may be placed opposite the producing |
aquiter. - Ideally, the entire well can be filled with sealing material. If the casing has not been removed, the
entire well shall be fill with sealing materral . .

A well penetrating. creviced or cavernous rock shall be filled using coarse fill- matenal opposrte the
cavernous or creviced rock portions of the well. Sealing material shall extend from the top of the
unfractured rock portion of.the well or base of the casing, whichever is deeper, to the surface. The
mrnrmum depth of sealing material. may not be less than 10 feet. ol

In the case where wells penetrate specrfrc aqurfers where condrtrons necessitate the sealing ot specific
aquifers or formations, the annular space'in the area of the specrtrc aquiifer or formatron shall be sealed
during the abandonment of the well. : .
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REFERENCES

A dug well exceeding 24 inches in diameter shall be filled and sealed by placing fill material (excludlngv
clay or silt) in the well to a level approximately 5 feet below the land surface, and placing a 3. foot plug of
sealing material above the fill. The remamder of the well shall be back filled with soil material.

Maryland Department of the Environment (MDE Requlations); Title 26, Subtitle 04; Requlatlon of Water

Supply, Sewage Disposal, and Solid Waste Chapter 4--Well Construchon

U.S. EPA, February 1990. Handbook of Suggested Practlces for the De3|qn and Installation of Ground—

Water Monitoring Wells.

019611/P

Tetra Tech NUS, Inc.




Number Page
‘ ! GH-1.3 10f26
STA N“DARD Effective Date Revision
P , 06/99 1
OPERATING oo
DRDOCEDND ID Tetra Tech NUS, inc.
_ PROCEDURES |
‘TETRA TECH NUS, INC. Earth Sciences Department
Subjef:t ) Approved
SOIL AND ROCK DRILLING METHODS D. Senovich

TABLE OF CONTENTS

SECTION PAGE
1.0 PURPOSE ... et 828ttt 3
2.0 SCOPE ettt e e R S RSt et e 3
3.0 GLOSSARY e st e e st e s R e s s aea R s peen R sreRes s 3
4.0  RESPONSIBILITIES ..onecicecerceccmeeeevsniiessessessevses shessssersssis e ssmsenssss sesens s asssssmsassamsamasns sonesnebomeons 3
5.0  PROCEDURES ..ocevuuuseussusssssusssesossesssessessossssssssesssseesssessssessessssssssssssssesssmeeesesssssmens 4
5.1 GENERAL......cccoovvrrirnrnnn. e et 4
5.2 DRILLING METHODS ...ttt eeen 4
521 Continuous-Flight Hollow-Stem Auger Driling ... 5
522 Continuous-Flight Solid-Stem Auger Drilling ..................... et a e eaeean 6
523 ROtArY DIllING ... cooocei e e et 7
5.2.4 ROtOSONIC DIlING ... et 9
5.2.5 Reverse Circulation Rotary Drilling.............oooooioooiii oo, 9
526 Drill-through €asing DIIVET «.........ooviuieeiiiee ettt ee et e 10
527 Cable TOOlI DAIING .....coe it e 11
528 Jet Drilling (Washing) ......oooiiiiiiic et S 12
529 Drilling with @ Hana AUGET ..ottt 13
52.10 Rock Drilling @nd COMNG ..........luiimiie e 13
5.2.11 Drilling & Support Vehicles .................cccoiiiiiiie e 14
5.2.12 BQUIPMENt SIZES ... e 15
5213 Estimated Drilling Progress .........io oot 16
53 PREVENTION OF CROSS-CONTAMINATION ... 16
54 CLEANOUT OF CASING PRIOR TO SAMPLING ..........ccooiiii e 17
5.5 MATERIALS OF CONSTRUCTION ....o.ooiiiiiiiiiieeeeceee e 18
56 SUBSURFACE SOIL SAMPLES ...ttt ettt 19
57 ROCK SAMPLING (CORING) (ASTM D2113-83) ..ocvoiiieeieeiieeeeee e . 19
571 Diamond Core Drilling......c.ooeeioeio e ... 23
572 Rock Sample Preparation and Documentation ...........cooooeeeeeooeee e 23
6.0 REFERENCGES ... ttrctsrccre ettt smesscasnesssssnesesensssrme s sasssesbesanasssvnnaranasassasnmssansasanaseae. 24
ATTACHMENT
A DRILLING EQUIPMENT SIZES ..ot e eae e 25
019611/P . Tetra Tech NUS, Inc.



Subject | Number Page
SOIL AND ROCK GH-1.3 ' 3 of 26
DR'LL'NG_METHODS ' Revision - Effective Date
-1 06/99
1.0 PURPOSE

The purpose of this procedure is to describe the methods and equipment necessary to perform soil and
rock borings and .identify the equipment, sequence of events, and appropriate- methods necessary to
obtain soil, both surface and subsurface, and rock samples during field sampling activities.

20 .SCOPE

“This guideline addresseé most of the accepted and standard drilling techniques, their benefits, and
drawbacks. It should be used generally to determine what type of drilling techniques would be most
- successful depending on site-specific geologic conditions and the type of sampling required.

The safnpling methods described within this proceduré ‘are . applicable to collecting surface and
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation,
excavation/foundation design, remedial aiternative design and related. civil engineering purposes.

3.0 GLOSSARY ' -

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil is
obtained by the use of a double tube core barrel that is equipped with an appropriate diamond-studded
drill bit which is advanced with a hydraulic rotary drilling machine.

Wire-Line Coring - As an alternative to conventional coring, this technique is valuable in deep hole drilling,
since this method eliminates trips in and out of the hole with the coring equipment. With this technique,
the core barrel becomes an integral part of the drill rod stnng The drill rod serves as both a coring device
and casing. :

4.0 RESPONSIBILITIES

Project Manager. - In- consultation with the project geologist, the Project Manager is responsible for
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful
given the study objectives and the known or- suspected geologic conditions at the site. The Project
Manager also determines the disposal methods for products generated by drilling, such as drill cuttings
and well development water, as well as any specnahzed supphes or logistical support required for the
drilling operations.

Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and scheduling of
drilling activities, and is strongly supported by the project geologist.

" Project Geologist - The project geologist is responsible for ensuring that standard and approved driliing
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log
shall include a description of materials, samples, method of sampling, blow counts, and other pertinent
drilling and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often
this position for inspecting the drilling operations may. be filled by other geotechnical personnel, such as
soils and foundation engineers, civil engineers, etc.

Determination of the exact location for borings is the responsibility of the site geologist. The final location
for drilling must be properly documented on the boring log. The general area in which the borings are to
be located will be shown on a site map included in the Work Plan and/or Sampling and Analysis Plan.
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling
permits and clearances, and supplying all services (including labor), equipment and material required to
perform the drilling, testing, and well installation program, as well as maintenance and qualnty control of
such required equipment except as stated in signed and approved subcontracts.

The driller must report any major technical or analytical problems encountered. in the field to the FOL
within 24 hours of determination, and must provide advance written notification of any changes in field
~ procedures, describing and justifying such changes. No such changes shall be made unless requested
and authorized in writing by the FOL (with the concurrence of the Project Manager). Depending on the
subcontract, the Project Manager may need to obtam written authorization from appropriate administrative
personnel before approvmg any changes. .

The driling subcontractor is responsible for following decontamination procedures specified in the project
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment,
cleaning up any materials deposited on site-during drilling operations, and properly backfilling any open
borings. .

5.0 PROCEDURES
51 . General

The purpose of drilling boreholes is:

‘e To determine the type, thlckness and certain physical and-chemical propertles of the soil, water and
rock strata which underlie the site.
= To install monitoring wells or piezometers.

All drlling and sampling equipment will be cleaned between samples and borings using appropriate
decontamination procedures as outlined in SOP SA-7.1. . Unless otherwise specified, it is generally
- advisable to drill borings at "clean” locations first, and at the most contaminated locations last, to reduce
the risk of spreading contamination between locations. All borings must be logged by the site geologist as -
they proceed (see SOPs SA-6.3 and GH-1.5). Situations where logging would not be required would
include installation of multiple well points within a small area, or a "second attempt” boring adjacent to a
boring that could rnot be continued through resistant material. In the latter case, the boring log can be
resumed 5 feet above the depth at which the initial boring was abandoned, although the site geologist
- should still confirm that the stratigraphy at the redrilled location conforms essentially with that encountered
at the original location. If significant differences are seen, each hole should be logged separately.

5.2 Drilling Methods

The selected drilling methods described below apply to drilling in subsurface materials, including, but not
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods should be
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the
purpose of drilling and the overall subsurface investigation program proposed for the site. The full range
of different drilling methods applicable to the proposed program should be identified with final selection
based on relative cost, availability, time constraints, and how well each method meets the sampling and
testing requirements of the individual drilling program.
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521 Continuous-Flight Hollow-Stem Auger Drilling

This method -of drilling consists of ‘rotating augers with a hollow stem into the ground. Cuttings are
brought to the surface by the rotating action of the auger. This method is relatlvely quick and inexpensive.
Advantages of this type of drilling include:

» Samples can be obtained without pulling the augers out of the hole. However, this is a poor method
for obtaining grab samples from thin, discrete formations because of mixing of scils which occurs as
the material is brought to the surface. Sampling of such formations requires the use of split-barrel or
thin-wall tube samplers advanced through the hollow core of the auger :
No drilling fluids are required. .

» Awellcan be installed inside the auger stem and backfilled as the augers are wrthdrawn

Disadvantages and Ilmrtatrons of this method of drilling include: -
» - Augering can only be done in unconsolidated materials.

o The inside diameter of hollow stem augers used for well installation should be at least 4 inches
greater than the well casing. Use of such large-diameter hollow-stem augers is more expensive than
the use of small-diameter augers in boreholes not used for well installation. Furthermore, the density
of unconsolidated materials and depths become more of a limiting factor. More.friction is produced
with the Iarger diameter auger and subsequently greater torque is needed to advance the boring.

» The maximum effective depth for drilling is 150 feet or less, dependmg on site condmons and the size
of augers used. : o

e In augerrng through ciean sand formations below the water table, the sand will tend to flow into the
hollow stem when the plug is removed for soil sampling or well installation. If the condition of
"running” or “flowing” sands is persistent at a site, an alternative method of drilling is recommended
in particular for wells or boreholes deeper than 25 feet.

Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods require the
introduction of water or mud downhole (air rotary is the exception) to maintain the open borehole. With
these other methods, great care must be taken to.ensure that the method does not interfere with the
collection of a representative sample (which may be the prime objective of the borehole construction).
Wlth this in mind, the preferred order of chorce of drilling method after hollow-stem augenng (HSA) is:

- Cable tool _

- Casing drive (arr) ' ’
- Airrotary

- Mud rotary

- Rotosonic

- Drive and wash

- Jetting

However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases,
mud rotary is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is generally
acceptable as a first substitute for HSA.

The procedures for sampling soils through holes drilled by hollow-stem auger shail conform with the
applicable ASTM Standards: D1587-83 and D1586-84. The guidelines established in SOP SA-1.3 shall
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also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine
having sufficient torque and ram range to rotate and force the" auger to the desired depth. The machine
-must, however, be equipped with the accessory equipment needed to perform required sampling, or rock
coring. ‘

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for well

- installation. However, when drilling below the water table, specially designed plugs which allow passage
of formation water but not solid material shall be used (see Reference 1 of this guideline). This drilling
configuration method also prevents blow back and plugging of the auger when the plug is removed for
sampling. :

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water
table, to prevent blowback and plugging of the auger. If water is added to the hole, it must be sampled
and analyzed to determine if it is free from contaminants prior to use. In addition, the amount of water
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during
well development must be carefully logged in order to ensure that a representative sample of the
formation water can be obtained. Well development should occur as soon after well completion as
practicable (see SOP GH-2.8 for well development procedures). |f gravelly or hard material is
encountered which prevents advancing the auger to the desired depth, augering should be halted and
either driven casing or hydraulic rotary methods should be attempted. If the depth to the bedrock/soil
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be
conducted (see Section 5.2.9).

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant
materials prevent the advancement of the auger, a new boring can be attempted. The original boring
must be properly backfilled and the new boring started a short distance away at a location determined by
the site geologist. If multiple water bearing strata were encountered, the original boring must be grouted.
In some formations, it may be prudent to also grout borings which penetrate only the water table aquifer,
since loose soil backfill in the boring may still provide a preferred pathway for surface liquids to reach the
water table. Backfilling requirements may also be driven by state or local regulations.

5.2.2 Continuous-Flight Solid-Stem Auger Drilling

This drilling method is similar to hollow-stem augering. Practical application of this method is severely
restricted compared to use of hollow-stem augers. Spiit-barrel (split-spoon) sampling cannot be
performed without pulling the augers out, which may allow the hole to collapse. The continuous-flight
solid-stem auger drilling method is therefore very time consuming and is not cost effective. Also, augers

~ would have to- be withdrawn before installing a monitoring well, which again, may allow the hole to
collapse. Furthermore, geologic logging by examining the soils brought to the surface is unreliable, and
depth to water may be difficult to determine while drilling. '

There would be very few situations where use of a solid-stem auger would be preferable to other drilling
methods. The only practical applications of.this method would be to drill boreholes for well installation
where no lithologic information is desired and the soils are such that the borehole can be expected to
remain open after the augers are withdrawn. Altemnatively, this technique can be used to find depth to
bedrock in an area when no other information is required from dnilling.

523 Rotary Drilling

Direct rotary drilling includés air-rotary and fluid-rotary drilling. For air or fluid-rotary drilling, the rotary drill
may be advanced to the desired depth by any power-operated drilling machine having sufficient torque
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and ram range to rotate and force the bit to the desired depth. The dnlling machine must, howevef, be
equipped with any accessory equipment needed to ‘perform .required sampling; or coring. Prior to-
sampling, any settled drill cuttings in the borehole must be removed.

Air-rotary drilling is a method of drilling where the drill rig simultaneously tums and exerts a downward
pressure on the drilling rods and bit. while circulating compressed air down the inside of the drill rods,
around the bit, and out the annulus of the borehole. Air circulation serves to both cool the b|t and remove
the cuttings from the borehole. Advantages of this method include: -

The drilling rate is high (even in rock).

The cost per foot of drilling is relatively low.

Air-rotary rigs are common in most areas.

No drilling fluid is required (except when water is injected to keep down dust).

The borehole diameter is large, to allow room for proper well installation procedures.

Disadvantages to using this method include:

» Formations must be logged from the cuttings that are blown to the surface and thus the depths of
- materials logged are approximate.

«  Air blown into the formation during drilling may "bind” the formation and impede well development and
natural groundwater ﬂow .

. In-situ samples cannot be taken unless the hole is cased.
. Casmg must generally be used in unconsohdated matenals
e  Air-rotary drill rigs are large and heavy

e Large amounts of Investigation Derived Waste (IDW) rhay be generated which rhay req.uir'e
containerization, sampling, and off-site disposal.

A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down as it
drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock coring
although they are generally slower than other types of core drills. A major application of the axr-rotary
drilling method would be to drill holes in rock for well installation.

‘Fluid-Rotary drilling operates in a similar manner to air-rotary drilling except that a drilling fluid ("mud") or
clean water is used in place of air to cool the drill bit and remove cuttings. There are a variety of fluids
that can be used with this drilling method, including bentonite slurry and synthetic slurries. If a drilling fluid
other than water/cuttings is used, it must be a natural clay (i.e., bentonite) and a "background” sample of
the fluid should be taken for analysis of possible organic or inorganic contaminants.

Advantages to the fluid-rotary drilling method include:

e The ability to drill in many types of formations.

» Relatively quick and inexpensive.

» Spilit-barrel (split-spoon) or thin-wall {Shelby) tube samples can be obtained without removing drilt
rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used.
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e In some borings temporary casing may not be needed as the dnllmg fluids may keep the borehole
open.

= Drill ngs are readily available in most areas.
Disadvantages to this method include:

o Formation logging is not as accurate as with hollow-stem auger method if split-barrel (split-spoon)
samples are not taken (i.e., the depths of materials Iogged from cuttings delivered to the surface are
approximate). .

e Drilling fluids reduce permeability of the forrnati_bn adjacent to the boring to some degree, and require
more extensive well development than "dry” techniques (augering, air-rotary).

» No information on depth to water is obtainable while drilling.

o Fluids are needed for drilling, and there ié some question aboﬁt the effects of the drilling fiuids on
subsequent water samples obtained. For this reason as well, extensive well development may be
requured :

» ' In very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fluids may be continuously -
lost into the formation. This requires either constant replenishment of the drilling fluid, or the use of
casing through this formation.

-« Drill rigs are large and heavy, and must be supported with supplied water.
« - Groundwater samples can be potentially diluted with drilling fluid.

The procedures for performing direct rotary soil mvestxgatlons and sampling shall conform with the
applicable ASTM standards: D2113-83, D1587-83, and D1586-84. .

Soil samples shall be taken as speciﬁed by project plan documents, or more frequently, if requested- by
the project geologist. Any required sampling shall be performed by rotation, pressing, or driving in
accordance with the standard or approved method goveming use of the particular- sampling tool.

When field conditions prevent the advancement of the hole to the desired depth, a new boring may be

drilled at the request of the Field Operations Leader. The original boring shall be backfilled using methods -

and materials appropriate for the given site and a new bonng started a short distance away at a location
. determined by the project geologlst

5.24 Rotosonic Drilling

The Rotosonic drilling method employs a high frequency vibrational and low speed rotational motion
coupled with down pressure to advance the cutting edge of a drill string. This produces a uniform
borehole while providing a continuous, undisturbed core sample of both unconsolidated and most bedrock
formations. Rotosonic drilling advances a 4-inch diameter to 12-inch diameter core barrel for sampling
and can advance up to a 12-inch diameter outer casing for the construction of standard and telescoped
monitoring wells. Durihg drilling, the core barrel is advanced ahead of the outer bairel in increments as
determined by the site geologist and depending upon type of material, degree of subsurface
contamination and sampling objectives.
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The outer casing can be advanced at the same time as the inner drill string and core barrel, or advanced
down over the inner drill rods and core barrel, or after the core barrel has moved ahead to collect the

‘undisturbed sample and has been pulled out of the borehole. The outer casing can be advanced dry in

most cases, or can be advanced with water or air depending upon the formations being drilied, the depth
and diameter of the hole, or requirements of the project.

Advantages of this method include:
s Sampling and well installation are faster as compared to other drilling methods.

e Continuous sampling, with Iafger sample volume as compared to split-spoon sampling.

. The ability to drill through difficuit formations such as cobbles or boulders, hard till and bedrock.

o Reduction of IDW by an aVer‘agé of 70 to 80 percent.

+ Well installations are quick and controlled by elimination of potential bridging of annular materials
during well installation, due to the ability to vibrate the outer casing during removal.

Disadvantages include:

e The cost for Rotosonic»drillihg as-compared to other methods are generally hig.her. However, the net
result can be a signiﬁcant savings considering reduced IDW and shortened project duration.

» Rotosonic drill ngs are large and need ample room to dnll however, Rotosonic units can be placed on
the ground or placed on an ATV.

. .There are a Iimited number of Rotosonic drilling contractors at the present time.

5.2.5 Reverse Circulation Rotary Drilling

- The common reverse-circulation rig is é water or mud-rofary rig with a large-diameter drill pipe which

circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow direction’
from direct mud-rotary). This type of rig is used for the construction of large-capacity production water
wells and is not suited for small, water quality sampling wells because of the use of drilling muds and the
large-diameter hole which is created. A few special reverse-circulation rotary rigs are made with double-
wall drill pipe. The drilling water or air is circulated down the annulus between the drill plpes and up inside
the inner pipe.

Advantages of the latter method include:

e The formation water is not contaminated by the drilling water.

e Formation samples can be obtained, from known depths.

+« When drilling with air, immediate information is available regarding the water-bearing properties of
formations penetrated. '

e Collapsing of the hole in unconsolidated formations is not as great a problem as when drilling with the
normal air-rotary rig.
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Disadvantages include:

» Double-wall, reverse-circulation drill rigs are rare and expensive to operate.

» Placing cement grout around the outside of the well casing above a well screen often is difficult,
especially when the screen and casing are placed down through the inner drill pipe before the drill
pipe is pulled out.

5.2.6 Drill-through Casing Driver

The driven-casing method consists of alternately driving casing (fitted with a sharp, hardened casing
shoe) into the ground using a hammer lifted and dropped by the drill rig (or an air-hammer) and cleaning
out the casing using a rotary chopping bit and air or water to flush out the materials. The casing is driven
down in stages (usually 5 feet per stage), a continuous record is kept of the blows per foot in driving the
casing (see SOP GH-1.5). The casing is normally advanced by a 300-pound hammer falling freely
through a height of 30 inches. Simuitaneous washing and driving of the casing is not recommended. If
this procedure is used, the elevations within which wash water is used and in which the casing is driven
must be clearly recorded

The driven casing method is used in unconsolidated formations only. When the boring is to be used for
later well installation, the driven casing used should be at least 4 inches larger in diameter than the well
‘casing to be installed. Advantages to-this method of drilling include: .

. Split—barrel (split-spoon) sampling can be conducted while drilling.

» Well installation is easily accomplished.

= Drill rigs used are relatively small and mobile.

» The use of casing minimizes flow into the hole from upper water—beanng layers; therefore, multiple
aquifers can be penetrated and sampled for rough field determinations of some water quahty
parameters.

Some of the disadvantages include:

* This method can only be used in unconsolidated formations.

o The method is slower than other methods (average drilling progress is 30 to 50 feet per day).

. Maxrmum depth of the borehole varies with the size of the drill rig and casing diameter used, and the
" nature of the formations: drilled.

e The cost per hour or per foot of drilling may be substantially higher than other drilling methods.

e ltis difficult and time consuming to pull back the casing if it has been driven very deep (deeper than
50 feet in many. formations).

527 Cable Tool Drilling

A cable tool rig uses a heavy, solid-steel, chisel-type drill bit ("tool") suspended on a steel cable, which
when raised and dropped, chisels or pounds a-hole through the soits and rock. Drilling progress may be
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'expedited by the use of "slip-jars” which serve as a cable-activated down hole percussion device to
hammer the bit ahead. .

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings are
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground
water enters the borehole to replace the water removed by bailing, no further water needs to be added.
When soft caving formations are encountered, it is usually necessary to drive casing as the hole is
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom of the
casing. Because the drill bit is lowered through the casing, the hole created by the bit is smaller than the
casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be driven into the
hole (see Section 5.2.5 of this guideline).

Advantages of the cable-tool method include the following:

+ Information regarding water-bearing zones is readily available during the. drilling. Even relative
permeabilities and rough water quality data from different zones penetrated can be obtained by skilled
operators.

e The cable-tool rig can operate satisfactorily in all formations, but is best suited for caving, bouider,
cobble or coarse gravel type formations (e.g., glacial till) or formations with large cavities above the
water table (such as limestones). :

» When casing is used, the casing seals formation water out of the hole, prevehting down hole
contamination and allowing. sampling of deeper aquifers for field-measurable water quality
parameters. :

o Split-barrel (split-spoon) or thin-wall {Sheiby) tube samples can be collected through the casing.
Disadvantages include:
« Drilling is slow compared with rotary rigs. -

» The necessity of driving the casing in unconsolidated formations requires that the casing be pulled

back if exposure of selected water-bearing zones is desired. This process complicates the well

- completion process and often increases costs. There is also a chance that the casing may become
stuck in the hole. v

e The relatively large diameters requiréd (minimum of 4-inch casing) plus the cost of steel casing result
in higher costs compared to rotary drilling methods where casnng is not required (e.g., such use of a
hollow-stern auger).

e Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S., availability may
be difficult.

5.2.8 Jet Drilling (Washing)

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of
pumping water or drilling mud down through a small diameter (1/2- to 2-inch) standard pipe (steel or
“PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation materials dislodged
‘by the bit and jetting action of the water are brought to the surface through the annulus around the pipe.
As the pipe is jetted deeper, additional lengths of pipe may be added at the surface.
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Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight.
Normally, this method is used to place 2-inch-diameter casing in shallow, unconsolidated sand
formations, but this method has also been used to install 3- to 4-inch-diameter casings to a depth of -
200 feet. ’

Jetting is acceptable in very soft formations, usually for shallow san'ipling, and when introduction of drilling
water to the formation is acceptable. Such conditions would occur during rough stratigraphic investigation
- or installation of piezometers for water level measurement. Advantages of this method include:

» Jetting is fast and inexpenéive. .

¢ . Because of the small amount of equipment required, jefting can be accomplished in locations where
access by a normal drilling rig would be very difficult. For example, it would be possible to jet down a
well point in the center of a Iagoon at a fraction of the cost of using a drill rig.

. Jettlng numerous well pomts just into a shallow water table is an inexpensive method for determining -
the water table contours, hence flow direction.

Disadvantages ihclude the followingi

e A Iarge amount of foreign water or drilling mud is mtroduced above and into the formatlon to be
sampled.

« Jetting is usually done in very soft formations which are subject to caving. Because of this caving, it
is often not possible to place a grout seal above the screen to assure that water in the well is only
from the screened interval.

- The diameter of the casing is.usually limited to 2 inches.

e Jetting is only possible in very soft formations that do not contain boulders or coarse gravel, and the
depth limitation is shallow (about 30 feet without jet percussion equipment).

. Large quantities of water are often needed.

5.2.9 Drilling with a Hand Auger

This method is applicable wherever the formation, total depth of sampling, and the site and groundwater
conditions are such as to allow hand auger drilling. Hand augering can also be considered at locations
where drill rig access is not possible. All hand auger borings will be performed according to
ASTM D1452-80.

Samples should be taken continuously unless otherwise specified by the project plan documents. Any
required sampling is performed by rotation, pressing, or driving in accordance with the standard or
-approved method governing use of the particular sampling tool. Typical equipment used for sampling and
advancing shallow "hand auger” holes are iwan samplers (which are rotated) or post hole diggers (which
are operated like tongs). These techniques are slow but effective where'larger pieces of equipment do
not have access, and where very shallow holes are desired (less than 15 feet). Surficial soils must be
- composed of relatively soft and non-cemented formations to allow penetration by the auger.
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5.2.10 Rock Drilling and Coring

When soil borings cannot be continued using augers or rotary methods due to vt‘h'e hardness of the soil or
when rock or large boulders are encountered, drilling and sampling can be performed using a diamond bit
corer in accordance with ASTM D2113.

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The drill bit is a
circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core barrel. The
use of single-tube core barrels is not recommended, as the rotation of the barrel erodes the sample and
limits its use for detailed geological evaluation. Water or air is circulated down through the drill rods and
annular space between the core barrel tubes to cool the bit and remove the cuttings. The bit cuts a core
out of the rock which rises into an inner barrel mounted inside the outer barrel. The inner core barret and
rock core are removed by lowering a wire line with a coupling into the drill rods, latching onto the inner
barrel and withdrawing the inner barrel. A less efficient variation of this method utilizes a core barrel that
cannot be removed without pulling all of the drill rods. This variation is practncal only if less than 50 feet of
core is required.

Core borings are made through the casing used for the soil borings. The casing must be driven and

sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see

Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reaming shell or

equivalent should be used to recover rock cores of a size specified in the pro;ect plans The most
- common core barrel diameters are listed in Attachment A, : :

Soft or decomposed rock should be sampled w1th a dnven split-barrel ‘whenever possible or cored with a
Denlson or Pltcher sampler.

When coring rock, including shale and claystone, the speed of the drill and the drilling pressure, amount
and pressure of water, and length of run can be varied to give the maximum recovery from the rock being
drilled. Should any rock formation be so soft or broken that the pieces continually fall into the hole
causing unsatisfactory coring, the hole should be reamed and a flush-joint casing installed to a point
below the broken formation. The size of the flush-joint casing must permit securing the core size
specified. When soft or broken rock is anticipated, the length of core runs should be reduced to less than

5 feet to avoid core loss and minimize core disturbance.

Advantages of core drilling include:

‘Undisturbed rock cores can be recovered for examination and/or testing.

In formations in which. the cored hole will remain open without casing, water from the rock fractures
- ‘may be recovered from the well without the installation of a well screen and gravel pack.

Formation logging is extremely accurate.

Drilt rigs are relatively small and mobile.

Disadvantages include:

Water or air is needed for drilling.

- Coring is slower than rotary drilling (and more expensive).
Depth to water cannot accurately be determined if water is used for drilling.
The size of the borehole is limited. '
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This drilling method is useful if accurate determinations of rock lithology are desired or if open wells are to
be installed into bedrock. ' To install larger diameter wells in coreholes, the hole must be reamed out to the
proper size after boring, using air or mud rotary drilling methods.

5.2.11 ‘Drilling & Support Vehicles

In addition to the drilling method required to accomplish the objectlves of the field program, the type of
vehicle carrying the drill rig and/or support equipment and its suitability for the site terrain, will often be an
additional deciding factor in planning the drilling program. The types of vehicles available are extensive,

and depend upon the particular drilling subcontractor's fleet. Most large drilling subcontractors will have a
wide variety of vehicle and drill types suited for most drilling assignments in their particular region, while
smaller drilling subcontractors will usually have a fleet of much more limited diversity. The weight, size,

and means of locomotion (tires, tracks, etc.) of the drill rig must be selected to be compatible with the site
terrain. to assure adequate mobility between borehole locations. Such considerations also apply to
necessary support vehicles used to transport water and/or drilling materials to the drill rigs at the borehole
locations. When the drill rigs or support vehicles do not have adequate mobility to easily traverse the site,

provisions must be made for assisting equipment, such as bulldozers, winches, timber planking, etc,, to
‘maintain adequate progress during the dnlllng program.

Some of the typicaljvehicbles which are usually available for drill rigs and support equipment are:

 Totally portable d’n‘lling/samplihg equipment, where all necessary. 'components (tripods, samplers,
hammers, catheads, etc.) may be hand carried to the borehole site. Dnllmg/samphng methods used
wzth such equipment mclude

- Hand augers and lightweight motorized augers. ,

-" Retractable plug samplers--driven by hand (hammer).

-~ Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead mounted on
one leg, used to install small-diameter cased bonngs This rig.is sometimes called a "monkey on
a stick.”

»  Skid-mounted drilling equiprrient containing a rotary drilbl or engine-driven cathead (to lift hammers and
drill string), a pump, and a dismounted tripod. The skid is pushed, dragged, or winched (using the
cathead drum) between boring locations.

e Small truck-mounted drilling equipment using a Jeep, stake body or other light truck (4 to 6 wheels),
upon which are mounted the drill and/or a cathead, a' pump, and a tripod or small drilling derrick. On
some rigs, the drill and/or a cathead are driven by a power take-off from the truck, instead of by a
separate engine.

» Track-mounted drilling equipment is similar td truck-mounted rigs, except that.the vehicle used has
wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track "all terrain vehicle” is
also modified for this purpose. Some types of tracked drill rigs are called "bombardier” or "weasel"
rigs. ' :

» Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to transport the
drill, derrick, winches, and pumps or compressors. The drill may be provided with a separate engine
or may use a power take-off from the truck engine. Large augers, hydraulic rotary and reverse
circulation rotary drilling equipment are usually mounted on such heavy duty trucks. For soft-ground
sites, the drilling equipment is sometimes mounted on vehicles having low pressure, very wide
diameter tires and capable of floating, these vehicles are called "swamp buggy” rigs.
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e Marine drilling eqmpment is mounted on various ﬂoatung equipment for drilling borings in lakes,
estuaries and other bodies of water. The floating equipment varies, and is often manufactured or
customized by the drilling subcontractor to suit specific drilling requirements. Typically, the range of
flotation vehicles include:

- Barrel float rigs - a drill rig mounted on a timber platform buoyed by empty 55-gallon drums or
similar flotation  units.

- Barge—mountéd dritl rigs. "

- Jack-up platforms - drilling equipment mdunted on a ﬂoating platform having retractable legs to
support the unit on the sea or lake bed when the platform is jacked up out of the water.

- Drill ships - for deep ocean drilling.

In addition to the mobility for the drilling equipment, similar consideration must be given for equipment to
support the drilling operations. Such vehicles or floating equipment are needed to transport drili water,
drilling supplies and equipment, samples, drilling personnel, etc. to and/or from various boring focations.

5212 - Equipment Sizes

In planning. subsurface exploration programs care must be taken in spec1fymg the various dnlhng
components, so that they will fit properly in the bormg or well. a

For drilling open boreholes using rotary drllhng equipment, tri-cone drill bits are employed with air, water
or drilling mud to remove cuttings and cool the bit. Tri-cone bits are slightly smaller than the holes they
drill (i.e., 5-7/8-inch or 7-7/8-inch bits will nominally drill 6-inch and 8-inch holes, respectively).

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging
- from 2inches to 3-1/2inches in outside diameter. However, the most-commonly used size is the
2-inch O.D., 1-3/8-inch 1.D. split-barrel sampler. When this sampler is used and driven by a 140-pound
(+ 2-pound) hammer dropping 30 inches (+ 1 inch), the procedure is called a Standard Penetration Test,
and the blows per foot required to advance the sampler into the formation can be comelated to the
formation’s densnty or strength. .

In planmng the drilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples
or diamond core drilling will be ‘performed, refer to the various sizes and clearances provided in
Attachment A of this guideline. Sizes selected must be stated in the project plan documents. .

© 5213 Estimated Drilling Progress

To estimate the anticipated rates of drilling progress for a site, the following must be considered:
e The speed of the drilling method employed.

* Applicable site conditions (e.g., terrain, mobility between borings, difficuit dnllmg condmons in
bouldery soils, rubble fill or- broken rock, etc.).

e Project-imposed restrictions (e.g.,, driling while wearing personal protective equipment,
decontamination of drilling equipment, etc.).
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Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5-
foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development

of wells), the following daily rates of total drilling progress may be anticipated for the followmg drilling
methods:

Drilling Method Average Daily Progress

(linear feet)

Hollow-stem augers

75

Solid-stem augers

50°

Mud-Rotary Drilling

- 100 (buttings samples)

Rotosonic Drilling

100'-160" (continuous core)

Reverse-Circulation Rotary

100" (cuttings samples)’

Skid-Rig with driven casing 30'
' Rotary with driven casing 50'
Cable Tool 30
Hand Auger Varies
Continuous Rock Coring » 50'
53 " Prevention of Cross-Contamination

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated
groundwater to lower strata below a confining layer. - The telescoping technique consists of drilling to a
confining layer utilizing a spun casing method with a diamond cutting or augering. shoe (a method simitar
to the rock coring method described in Section 5.2:10, except that larger casing is used) or by using a
driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel well
casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch

- diameter) is installed followed by instaliation of the well casing (6-inch-diameter is common for 2-inch
‘wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole.
The well casing is sealed at the bottom with a bentonite-cement slurry. The remaining depth of the boring
is drilled utilizing a narrower diameter spun or driven casing technique within the outer well casing. A

“ smaller diameter well casing with an appropriate length of slotted screen on the lower end, is installed to
the surface.

Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is pressure-grouted
or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean material and
grouted at the surface, or it is grouted all the way to the surface.

54 . Cleanout of Casing Prior to Sampling

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the
advancement of the casing. Loss of wash water during cleaning should be recorded.
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For disturbed samples both above and below the water table and where introduction of relatively large
“volumes of wash water is permissible, the cleaning operation is usually performed by washing the
‘material out of the casing with water; however, the cleaning shouid never be accomplished with a strong,
downward-directed jet which will disturb the underlying soil. When clean out has reached the bottomn of
the casing or slightly below (as specified above), the string of tools should be lifted one foot off the bottom
with the water still flowing, until the wash water coming out of the casing is clear of granular soil particles.
In formations where the cuttings contain gravel and other larger particles, it is often useful to repeatedly
raise and lower the drill rods and wash bit while washing out the hole, to surge these large particles’
upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split-barrel
(split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material below
the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball check
valve has-been removed, in some formations it may be necessary to install a flap valve or spring sample
retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn from the -
_hole. The use of jet-type chopping bits is discouraged except where large boulders and cobbles or hard-
cemented soils are encountered. If water markedly softens the soils above the water table, clean out
" should be performed dry with an auger. :

For undisturbed samples below the water table, or where wash water must be minimized, clean out is
usually accomplished with an appropriate diameter clean out-auger. This auger has cutting blades at the
bottom to carry loose material up into the auger, and up-turned water jets just above the cutting blades to
carry.the removed soil to the surface. In this manner, there is a minimum of disturbance at the top of the
material to be sampled. If any gravel material washes down into the casing and cannot be removed by.
the clean out auger, a split-barrel sample can be taken to remove it; bailers and sandpumps should not be
used. For undisturbed samples above the groundwater table, all operations must be performed in a dry
manner. :

If all of the cuttings created by driiling through the ovér!ying formations are not cleaned from the borehole
prior to sampling, some of the problems which may be encountered during sampling include:

» When sampling is attempted through the cuttings remaining in the borehole, all or part of the sampler
may become filled with the cuttings. This limits the amount of sample from the underlying formation
which can enter and be retained in the sampler, and also raises questions as to the validity of the
sample.

'_ e Ifthe cuttings remaining in the borehole contain coarse gravel and/or other large particles, these may
block the bit of the sampler and prevent any materials from the underlying formation from entering the
sampler when the sampler is advanced.

« in cased borings, should sampling be attempted through cuttings which remain in the lower portion of
the casing, these cuttings could cause the sampler to become bound into the casing, such that it
becomes very difficuit to either advance or retract the sampler.

s When sampler' blow counts are used to estimate the density or strength of the formation being
sampled, the presence of cutlings in the borehole will usually give erroneously high sample blow
counts.

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is
important that the site geologist measure the "stickup™ of the drill string. This is accomplished by
measuring the assembled length of all drili rods.and bits or samplers (the drill string) as they are lowered
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the
height of this reference point above the ground surface. The difference of these measurements is the
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depth of the drill string (lower end of the bit or sampler) below. the ground surface, which must then be
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled).
the length of drill string below grade is more than the drilled or casing depth, the borehole has been
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. if the Iength of drilt
string below grade is less than the drilled or casing depth, the difference represents the thickness of
cuttings which remain in the borehole. In most cases, an inch or two of cuttings may be. left in the
borehole with little or no problem. - However, if more than a few inches of cuttings are encountered, the
borehole must be recleaned prior to attempting sampling.

55 Materials of Construction

The effects of monitoring well construction materials on specific chemical analytical parameters are
described and/or referenced in SOP GH-2.8. However, there are several materials used during drilling,
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the
representatlveness of soil and ground water samples.

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for
chemical analysis are to be collected. These slurry materials could be used for installation of long-term
‘monitoring wells, but the early time data in time series collection of ground water data may then be
suspect. If synthetic or organic polymer muds are proposed for use at a given site, a complete. written
justification including methods and procedures for their use must be provided by the site geologist and
approved by the Project Manager. The specific slurry composition and the concentration of suspected
contaminants for each site must be known. :

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool
~ connections. However, there are instances, such as drilling in tight clayey formations or in loose gravels,
when threaded couplings must be lubricated to avoid binding. In these instances, to be determined in the
field by the judgment of the site geologist and noted in-the site logbook, and - only after approval by the
_ Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based greases,
etc. will not be permitted. Samples of lubricants used must be provided and analyzed for ‘chemical
parameters appropriate to the given site.

5.6 Subsurface Soil Samples

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can
indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition of
the actual migration of contaminants can be obtained through chemical analysis of the soil samples.
Where the remedial activities may include in-situ treatment or excavation and removal of the
contaminated soil, the depth and areal extent of contamination must be known as accurately as possuble

- Engineering and physical propertnes of soil may also be of interest should site construction activities be
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit
weight, and moisture content are some of the phy5|cal characteristics -that may be determined for soil
samples. :

Penetration tests are also described in this procedure. The tests can be used to estimate various physical . .
and engineering parameters such as relative densnty unconfined compressive strength, and consolidation
characteristics of soils. .

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3." Continuous-core
soil sampling and rock coring are discussed below. The procedures described here are representative of

019611/P

Tetra Tech NUS, Inc.



Subject ) } Nurﬁber . Page :
SOIL AND ROCK GH-1.3 19 of 26
DRILLING METHODS Revision Effective Date _

' 1 06/99

a larger number of possible drilling and sampling techniques. The choice of techniques is based on a
large number of variables such as cost, local geology, etc. The final choice of methods must be made
with the assistance of drilling subcontractors familiar with the local geologic conditions. Alternative
. techniques must be based upon the underlying principles of quality assurance implicit in the followrng'
procedures

The CME continuous sample tube system provides a method of sampling soil continuously during hollow-
stem augering: . The 5-foot sample barrel fits within the lead auger of a hollow-auger column. The
sampling system can be used with a wide range of 1.D. hollow-stem augers (from 3-1/4-inch to
8-1/4-inch 1.D.). This method has been used to sample many different materials such as glacial drift, hard
clays and shales, mine tailings, etc. This method is particularly used when SPT samples are not required
and' a large volume of material is needed. Also, this method is useful when a visual descnphon of the
subsurface Irthology is required. Rotosonrc dnllmg methods also provide a continuous soil sample

5.7 Rock Sampling (Coring) (ASTM D21 1.3-83)

Rock coring enables a detalled assessment of borehole conditions to be made, showing precisely all
lithologic changes and characteristics. Because coring is an expensive drilling method, it is commonly
used for shallow studies of 500 feet or less, or for specific intervals in the drill hole that require detaifed
logging and/or analyzing. Rock coring can, however, proceed for thousands of feet continuously, -
depending on the size of the drill rig, and yields better quality- data than air-rotary drilling, although at a
substantially reduced drilling rate. ' Rate of drilling varies widely, depending on the characteristics of.
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment. Average
output in a 10-hour day ranges from 40 to over 200 feet. Down hole geophysical logging or television
camera momtonng is sometimes used to complement the data generated by coring.

Borehole drameter can be drilled to various sizes, depending on the information needed. Standard sizes
of core barrels (showmg core diameter) and casing are shown in Figure 1.

Core drilling is used when formatlons are too hard to be 'sampled by soil samphng methods and a
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins in
sound bedrock. Casing is set into'bedrock before coring begins to prevent loose material from entering
the borehole, to prevent loss of drilling fluid, and to prev'ent cross-contamination of aquifers.

. Drilling through bedrock is initiated by using a diamond-tipped core bit threaded to a drill rod (outer core
barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill rods, dnllmg
fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, weathering).
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FIGURE 1
STANDARD SIZES OF CORE BARRELS AND CASING
Coring Bit Size ‘ Nominal* Set Size*

0.D. LD. 0.D. 1.D.
RWT 1 5/32 34 1.160 . 0.735
EWT - 1 172 29/32 1.470 0.905
EX, EXL, EWG, EWM 112 13/16 1.470 0.845
AWT ' 17/8 1 9/32 1.875 1.281
AX, AXL, AWG, AWM 17/8 1 3/116 1.875 1.185
BWT : 2 38 134 - 2.345 1.750
BX, BXL, BWG, BWM 2 3/8 1 5/8 2.345 1.655
NWT 3 2 5116 2.965 2.313
NX, NXL, NWG, NWM 3 2 1/8 2.965 2.155
"HWT 3 29/32 3 3/16 . 3.889 3.187
HWG 3 29/32 3 . 3.889 3.000
234 x 37/8 378 2 3/4 - 3.840 2.690
4 x5 172 5 12 - 4 5.435 3.970
6 x7 34 -7 314 6 7.655 5.970
AXWireline __ | / 17/8 1 1.875 1.000
BX Wire line __|___/ 2 38 1 7116 2.345 1.437
NX Wireline ___ |/ 3 1 15/16 2.965 1.937
* . All dimensions are in inches; to convert to millimeters, multiply by 25.4. -
|/ Wire line dimensions and designations may vary according to manufacturer.
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FIGURE 1
STANDARD SIZES OF CORE BARRELS AND CASING
PAGE TWO
Size Designations . Casing Approximate Core
Coupling Diameter
Casing; | Rod;rod |- 0.D, | 1D, Core: Normal, | Thinwall,
Casing | couplings | ©35iNG | Inches | Inches | Casing | barrel {Drillrod| |nches | Inches
coupling; 0.D,, . bit 0.D,,|bitO.D.,} O.D.,
Casing Inches Inches | Inches* | Inches
bits; Core
barrel bits | : ‘
RX RW 1437 | 1437 | 1188 | 1.485 | 1.160 | 1.094 — 0.735
EX E 1.812 | 1.812 | 1.500 | 1.875 |-1.470 1.313 0.845 0.905
AX A 2250 | 2250 | 1906 | 2.345 | 1.875 | 1625 1.185 1.281
BX B 2875 {2875 | 2375 | 2.965 2.345 1.906 1.655 1.750
NX - N 3.500 | 3.500 | 3.000°| 3615 | 2965 | 2.375 21585 | '2.313
HX HW 4500 | 4500 | 3.938 | ‘4625 | 3.890 | 3500 3.000 3.187
RW RwW 1.437 1485 | 1.160 | 1.094 — 0.735
EW Ew 1.812 1.875 | 1470 | 1.375 0.845 0.905
AW AW 2.250 2345 | 1.875 1 1750 | 1.185 1.281
BW BW - 2.875 4 = 2965 | 2345 | 2125 1.655 1.750
NW - NW 3.500-| © 'g. 3.615 2.965 | 2625 2.155 2:313
HW HW 4500 | G 3 4625 | 3.890 | 3.500 | 3.000 | 3.187
PW — 5,500 | w 3 - 5.650 -- — — —
sSw — 6.625 6.790 - — — —
uw - — 7.625 7.800 — — — —
W — 8.625 8.810 — — — —
- AX | VL — — - — 1.875 | 1.750 1.000 —
— BX_1 \| — — — — 2345 | 2250 | 1.437 —_
— NX_ 0 — — — — 2965 | 2813 1.937 —

o

NOMINAL DIMENSIONS FOR DRILL CASINGS AND AC_CESSORIES.
(DIAMOND CORE DRILL MANUFACTURERS ASSOCIATION). 288-

D-2889

All dimensions'are in inches; to convert to millimeters, multiply by 25.4.
- __ 11 Wireline dimensions and designations may vary according to manufacturer.
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5.74 Diamond Core Drilling

A penetration of typically less than 6 inches per 50 blows using a 140-Ib. hammer dropping 30 inches with
a 2-inch split-barrel sampler shall be considered an indication that soil sampllng methods may not be
appllcable and that coring may be necessary to obtain samples.

When formatnons are encountered that are too hard to be sampled by soil sampling methods, the following
diamond core drilling procedure may be used:

. Flrmly seat a casing mto the bedrock or the hard material to prevent loose materials from entering the
hole and to prevent the loss of drilling fluid return. Level the surface of the rock or hard material when
necessary by the use of a fishtail or other bits. If the drill hole can be retained open without the casing
and if cross-contamination of aquifers in the unconsolidated matenals is unllkely, leveling may be
omitted.

. Begm the core drilling using a double-tube swivel-core barre! of the desired size. After drilling no
more than 10.feet (3 m), remove the core barrel from the hole and take out the core. If the core
blocks the flow of the drilling fluid during drilling, remove the core barrel immediately. In soft
materials, a large starting size may be specified for the coring tools; where local experience indicates
satisfactory core recovery or where hard, sound materials are anticipated, a smaller size or the single-
tube type may be specified and longer runs may be drilled. NX/NW size coring equipment is the most
commonly used size. .

» When soft materials are encountered that produce less than 50 percent recovery, stop the core
drilling. If soil samples are desired, secure such samples in accordance with the procedures
described in ASTM Method D 1586 (Split-barrel - -Sampling) or in Method D 1587 (Thin-Walled Tube
Sampllng) sample soils per SOP SA-1.3. Resume diamond core drilling when refusal materials are
again encountered :

» Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are among
" the most lmportant items to be detected and described, take special care to obtain and record these
features. If such broken zones or cavities prevent further advance of the boring, one of the following
three steps shall be taken: (1) cement the hole; (2) ream and case; or (3) case and advance with the
next smaller size core barrel as conditions warrant.

* In soft, seamy, or otherwise unsound rock, where core recovery may be difficult, M-design core
barrels may be used. . In hard, sound rock where a high percentage of core recovery is anticipated,
the single-tube core barrel may be employed.

5.7.2 Rock Sample Preparation and Documentation

Once the rock coring has: been completed and the core recovered, the rock core shall be carefully
removed from the barrel, placed in a core tray (previously labeled "top” and "bottom” to avoid confusion),
classified, and measured for percentage of recovery as well as the rock quality designation (RQD). Each
core shall be described, classified; and logged using a uniform system as presented in SOP GH-1.5. if
moisture content will be determined or if it is desirable to prevent drying (e.g., to prevent shrinkage of clay
formations) or oxidation of the core, the core shall be wrapped in plastic sleeves immediately after
logging. Each plastic sleeve shall be labeled with indelible ink. The boring number, run number, and the
footage represented in each sleeve shall be included, as well as designating the top and bottom: of the
core run.
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After sampling, rock cores shall be placed in the sequence of recovery in well-constructed wooden boxes
provided by the drilling contractor. Rock cores from two different borings shall not be placed in the same
core box unless accepted by the Project Geologist. The core boxes shall be constructed to accommodate
at least 20 linear feet of core in rows of apprdximately 5 feet each and shall be constructed with hinged
tops secured with screws, and a latch (usually a hook and eye) to keep the top securely fastened down.
Wood partitions shall be placed at the end of each core run and between rows.

The depth from the surface of the boring to the top and bottom of the drill run and run number shall be
* marked on the wooden partitions with indelible ink. A wooden partition {(wooden block) shall be placed at
“the end of each run with the depth of the bottom of the run written on the block. These blocks will serve to
separate successive core runs and indicate depth intervals for each run. The order of placing cores shall
be the same in all core boxes. Rock core shall be placed in the box so that, when the box is open, with
the inside of the lid facing the observer, the top of the cored interval contained within the box is in the
upper left corner of the box, and the boltom of the cored interval is in the lower right corner of the box.
The top and bottom of each core obtained and its true depth shall be clearly and permanently marked on
each box. The width of each row must be compatible with the core diameter to prevent lateral movement
of the core in the box. Similarly, an empty space in a row shall be filled with an appropriate filler material
or spacers to prevent longitudinal movement of the core in the box.

The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data on the
box’s contents. At a minimurm, the following information shall be included:

Project name.
Project number.
- Boring number.
Run numbers,
Footage (depths).
Recovery.
RQD (%). '
Box number and total number of boxes for that boring (Example: Box 5 of 7).

For easy retrieval when core boxes are stacked, the sides and ends 'of the box shall also be labeled and
include project number, boring number, top and bottom depths of core and box number. »

Prior to final closing of the core box, a photograph of the recovered core and the labeling on the inside
cover shall be taken. If moisture content is not critical, the .core shall be wetted and wiped clean for the

photograph. (This will help to show true colors and bedding features in the cores).
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
Drilling Component Designatonor- | OD. . I.D. Coupling L.D.
Hole Size (Inches) | (Inches) (Inches) {Inches)
Hollow-stem augers (Ref. 7) 6 1/4 5 2 14
' 6 3/4 5 3/4 2 34 -
S 7 4 6 14 3 1/4 —
v 13 1/4 12 -6 —
Thin _Wall Tube Samplers = 2 EN{G =
(Ref 7) : ' :
— 2 12 2 3/8 —
- 3 2718 -—
— 312 3 38 —
— 4 112 4 3/8 —
— 5 4 3/4 —
Drill Rods (Ref. 7) RW 1 3/32 23/32 13/32
' ' EW 1358 15116 7116
AW 1 3/4 1 1/4 5/8
BW 2 18 1 3/4 3/4
NW 2 5/8 2 /4 13/8
HW 312 3 1116 2 38
E 1 5/16 T8 7116
A 1 5/8 118 9/16
B 178 1 1/4 5/8
N 2 38 .2 1
Walt Thickness
o . (Inches)
Driven Extenal Coupled Extra 212 2.875 2323 0.276
Strong Steel* Casing (Ref. 8)
3 35 29 0.300
3 12 4.0 3364 0.318
4 45 3.826 0.337
5 5.63 4813 - 0.375
6 6.625 5.761 0.432
8 8.625 7.625 0.500
10 10.750 9.750 0.500
12 12.750 11.750 0.500

L3

Add twice the casing wall thickness to casing 0.D. to obtain the approximate O.D. 6f the external

pipe couplings.
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
PAGE TWO , |
Drilling Component Designation or 0O.D. i.D. Coupling 1.D.
Hole Size “(Inches) {Inches) (Inches)
(Inches) _— : '
Flush Coupled Casing RX 1 7116 1 3/16 1 3/16
(Ref. 7) ‘
EX 1 13/16 1 5/8 112
AX 2 1/4 2 1 29/32
BX 27/8 2 9/16 2 378
NX 312 '3 3/116 3
- HX 4 12 4 1/8 3 1516
Fiush Joint Casing (Ref. 7) RW 1 7116 1 316 -
‘ EW 1 13116 112
AW 2 1/4 1.29/32
BW 2 7/8 2338
- Nw 3 12 3
HW 4 172 4
PW 5 12 5
SwW 6 5/8 - B
uw 7 5/8 7
, W 8 5/8 8
Diamond Core ' Barels | "EWM 1 172 718**
(Ref. 7)
. AWM 17/8 18
BwMm 2 38 1.5/8"
- NWM 3 2 1/8
HWG 37/8 3.
234 %378 3 7/8 2 11/16
4 x5 12 512 3 15/16
6 x7 34 7 34 -5 15/16
AQ (wireline) 1 57/64 1 1/16™
BQ (wirelne) 2 23/64 1 7116~
NQ (wireline) 2 63/64 17/8
"HQ (wireline) 3 25/32 212

**  Because of the fragile nature of the core and the difficulty to identify rock details, use of small-
diameter core (1 3/8") is not recommended.

019611/P

Tetra Tech NUS, Inc.




| Number ’ Page
‘ GH-2.4 10f7
STA NDA R D Effective Date Revision ‘
06/99

OPERATING (-

, PROCE DURES Tetra Tech NUS, Inc.

Prepared
Earth Sciences Department

TETRA TECH NUS, INC.

Subject Approved

IN-SITU HYDRAULIC CONDUCTIVITY TEST!N_G ; D. Senovich

TABLE OF CONTENTS
- SECTION PAGE
1.0 PURPOSE Lamsesensaresressesessessmsseraebennes ereeesussemeees s emm et aeeras N, 2
7 X oo O .2
3.0 GLOSSARY cerrrereeeoeseseseeseesssesseessmmmessesssseesssesenes e eeemeeees s esaseneeeseer e et 2
4.0 RESPONSIBILITIES JR— eebuessseesses s RSt SRenER RS Res eSS 2
5.0 PROCEDURES ......oovveoensnsesnrnrscsmmsssssssss s sssssssse s s ssssssssssasssnens .3
5.1 IN-SITU HYDRAULIC CONDUCTIVITY TESTING INWELLS ... 3
5.2 IN-SITU HYDRAULIC CONDUCTIVITY TESTING IN BORINGS ........oooooeorereeen.. 4
53 DATA ANALYSIS oo e e .5
6.0 REFERENCES .....cocevvrerernnees reeemneennesnen eeeueesans s pemas st 6
7.0 RECORDS ...cocoverererrsneeeersnens eemeirerebeesrsseecnsrenasens ceesiseeossusnererssesasbasas 6
ATTACHMENTS
A HYDRAULIC CONDUCTIVITY TESTING DATA SHEET ...t 7

019611/P Tetra Tech NUS, inc.



Subject Number Page

' GH-2.4 _ 20f7
IN-SITU HYDRAULIC CONDUCTIVITY Revn .
TESTING 1 06/99

1.0 PURPOSE

. This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing (slug
testing) in boreholes and monitoring wells, and provide a short description of commonly used evaluation
techniques for the data generated. Slug tests are used to provide data regarding the hydraulic properties
of the formation tested. A variation of the slug test, called a constant-head test, is also briefly described.

2.0 SCOPE

Slug tests are shori-term tests designed to provide approximate hydraulic conductivity values for the
portion of a formation immediately surrounding the screened/open interval of a well or boring. These tests
are much less accurate than pumping tests, as a much more localized area is involved. Therefore, a
number of slug tests are typically performed and averaged to determine a representative hydraulic
conductivity value for the formation tested. Performance of slug tests may be preferable to pumping tests
in situations where handling of large volumes of contaminated water is a concem or' when time/budget
constraints preclude the more expensive and time-consuming setup and performance of a pumping test.

Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug tests

with regard to the quality of data obtained and time/cost considerations. A disadvantage of constant-head

tests is that a-significant volume of water may be added to high-permeability formations, potentlally
' affectlng short-term water quality.

3.0 GLOSSARY

Hydraulic Conductivity (K) - A quantitative measure of the ability of a porous material to transmit water,
. defined as the volume of water that will flow through a unit cross-sectional area of porous material per unit
time under a head gradient of 1. Hydraulic conductivity is dependent upon properties of the medium and
fluid. Common units of expression include centimeters per second (cm/sec), feet per day (ft/day), and
gallons per day per foot’ (gpd/ft?).

Transmissivity (T) A quantltatlve measure of the ability of an aquifer to transmlt water. The product of
the hydraulic conductivity times the saturated thlckness

Slug Test - A rising head or falling head test used to measure hydraulic conductivity. A slug test consists
of instantaneously changing the water level within a well and measuring the rate of recovery of the water
level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of water (rising head
test) or adding a slug of water (falling head test), then measuring recovery over time. A solid slug of
known volume can be used to displace a volume of water, thereby simulating the addition or removal of
water. : '

4.0 RESPONSIBILITIES

Project Hydrogeologist - The project hydrogeologist, in conjunction with the Project Manager, shall
evaluate the type(s) and extent of hydraulic testing required for a given project during the planning
process, and design the field program accordingly. The project hydrogeologist also shall ensure that field
personnel have the necessary training and guidance to properly perform the tests, and shall oversee data
reduction activities, including selecting the appropriate evaluation techniques and: checking calculations
for accuracy.
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Field Geologist - The field geologist is responsible for performing the planned field tests as specified in the
project planning documents, (or.approved modifications thereto). The field geologist also generally
assists in the data evaluation process. The field geologist shall be knowledgeable in the testing
methodologies used and is responsible for obtaining the necessary support equipment required to perform
the field tests. All applicable data regarding testing procedures, equipment used, well construction, and
geologic/hydrogeologic conditions shall be recorded by the field geologist. The field geologist shall be
familiar enough with testing procedures/requirements to be able to recommend changes in methodology,
should unanticipated field conditions be encountered.

5.0 PROCEDURES

51 In-situ Hydraulic Conductivity Testing in Wells

Slug tests are commonly performed in completed wells. Prior to testing, the well shall be thoroughly
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within the
well has stabilized at its statlc level, it shall be quickly raised or lowered and the rate of recovery
measured.

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous;
therefore, an effort shall be made to minimize the time invoived in raising or lowering the water level
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in
water level within the well. A rise in water levels can be induced by pouring water into the well. A solid
slug of known volume, quickly lowered below the water level within the well, will displace an equivalent
volume of water and raise the water level within the well. The slug can be left in place until the water level
restabilizes at the static water level, then suddenly removed to create a drop in water level within the well.
An advantage of using a solid cylinder of known volume (slug) to change the water level is that no water is
removed or added to the monitoring well. - This eliminates the need to dispose of contaminated water
. and/or add water to the system. A bailer or pump can be used to withdraw water from the well. If a pump
is used, pumping shall not continue for more than several seconds so that a cone of depression is not
created which would adversely impact testing results. The pump hose shall also be removed from the
well during the recovery period, as data analysis techniques involve volume of recovery versus time, and
. leaving the hose within the well would distort the calculated testing results by altering the apparent volume
of recovery. Falling head slug tests should only be performed in wells with fully submerged screens, while
rising head slug tests can be performed in wells with either partially or fuIIy submerged screens/open
intervals.

Other methods that can be used to change water levels within a well include creating a vacuum or a high
pressure environment within the well. The vacuum method will raise water levels within the well, while the
pressure method will depress the water level in the well. These methods are particularly useful in highly
permeable formations where other methods are ineffective in creating measurable changes in water
levels. Both of these methods are limited to wells which have completely submerged screens.

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) until
water level recovery exceeds 90 percent of the initial change in water level. In low permeability
formations, the test may be cut-off short of 90 percent recovery due to time constraints. Time intervals
between water level readings will vary according to the rate of recovery of the well. For a moderately fast
recovering well, water level readings at 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 2.5, 3.0, 4.0, . ..
minutes may be required. With practice, readings at down to 0.05-minute (3 seconds) time intervals can
. be obtained with reasonable accuracy, using a pressure transducer and hand held readout. For wells

which recover very fast, a pressure transducer and data logger may be required to obtain representative
data. Time intervals between measurements can be extended for slow recovering wells. A typical
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schedule for measurements for a slow recovering well would be 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0,

- 6.0, 8.0, 10.0, 15.0,-20.0, 30.0, . . . minutes from the beginning the test. Measurements shall be taken
from the top of the well casing. ' '

Water level measurements can be obtained using an electric water level indicator, popper, or pressure
transducer. Steel tape coated with chalk or water sensitive paste although very accurate, is a slower
_method of obtaining water levels and is generally not recommended for use due to the frequency at which
water level measurements need to be obtained during the performance of a slug test.

Time/recovery should»nbe field-plotted on semilog graph paper to determine the data quality. The data set
should plot along a sloped, straight line. If excessive data scatter is observed, the test should be rerun
until acceptable results are obtained.

The following data shall be recorded when performing slug tests in wells or borings:

Well/boring 1D number

Total depth of well/boring

Screened/open interval depth and length
Gravel pack interval depth and length
Well stickup above ground surface
Gravel pack radius -

Static water level

Aquifer thickness

Depth to confining layer

Time/recovery data

A variation of the slug test, called a constant-head test, is a test.in which water is added to the well at a
measured rate sufficient to maintain the water level in the well at a constant height above the static water
level. Once a stable elevated water level has been achieved, discharge (pumping) rate measurements .
are recorded in place of. time/recovery data for approximately 10to 20 minutes. The hydraulic

“conductivity is then calculated from this information. ~The constant-head test is. generally not
recommended for monitoring: wells as large volumes of water may be introduced into the screened
formation, potentially impacting later sampling events..

5.2 In-situ Hydraulic Conductivity Testing in Boi-in'gs

Slug tests can be performed in borings while the boring is being advanced. This permits testing of
formations at different depths throughout the drilling process. Boreholes to be tested shall be drilled using
casing, so that discrete depths may be investigated. Various tests and testing methods are described
below. The most appropriate test and testing method to. be used in a situation varies and shall be
selected after a careful evaluation of drilling, geologic, and general site ‘conditions.

Rising head or falling head slug tests can pe performed in saturated and unsaturated formations during
driling. There are two ways that the tests can be performed. One way entails setting the casing flush
with the bottom of the boring when the desired testing depth has been reached. The hole is then cleaned
out to remove loose materials, the drili bit and rods are carefully withdrawn from the boring, and a few feet
of sand (of higher permeability than the surrounding formation) is added to the botiom of the boring. After
the water level in the boring has stabilized (for saturated formations), the static water level is measured
and recorded. The water level is then raised (falling head test) or lowered (rising head test) and the
change in water level is measured at time intervals determined by the field hydrogeologist. Only falling
head tests can be performed for depth intervals within the unsaturated (vadose) zone. As described for
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wells, time intervals for water level measurements will vary according to the formation's hydraulic
conductivity. The faster the rate of recovery expected, the shorter the time intervals between
measurements shall be. The rate of change of water level will be used to calculate hydraulic conductivity.
The test is to be conducted until the water level again stabilizes, .or for a minimum of 20 minutes. In low
permeability formations, it is not always practical to run the test until the water level stabilizes, as it may

take a long time to do so. The top of the casing shall be used as the reference point for all water level
measurements.

~ The second methed for conducting a slug test during drilling consists of placing a temporary well with a
short screen into the cleaned-out boring, pulling the drilling casing back to expose the screen, ailowing the
formation to collapse around the screen (or placing a sand/gravel pack around the screen), and
performing the appropriate hydraulic conductivity test in the well, as described for the first method. Again,

-the test shall be conducted until the water level stabilizes or for a minimum of 20 minutes. This method
allows for testing a larger section of the formation and results in more refiable hydraulic conductivity
estimates.

Constant-head tests may also be performed in borings. As described for monitoring wells, once a stable
elevated level has been achieved, the discharge rate into the boring is measured for a period of time,
usually 10 to 20 minutes, and the hydraulic conductivity is calculated from this. This method is the most
accurate method depicted in this section, and shall be given preference over others if the materials are
available to perform the test and the addition of water to the boring does not adversely impact project
objectives. Once the test is over, additional information can be gathered by measuring the rate of the
drop in water level in the boring (for saturated formations).” A limitation of the constant-head test is that
foreign water is introduced. into the formation which must be removed from the well area by natural or
artificial means, before a representative groundwater sample can be obtained.

Detailed descriptions regarding the performance of borehole hydraulic conductivity tests and subsequent -
data analysis techniques are provided in Ground Water Manual (1981). :

53 Data Analysis

There are a number of data analysis methods available to reduce and evaluate slug testing data.. The
determination of which method is most appropriate shall be made based on the testing conditions
(including physical setup of the well/boring tested,- hydrogeologic conditions, and testing methodology)
and the limitations of each test analysis method. Well construction details, aquifer type (confined or
unconfined), and screened/open interval (fully or partially penetrating the aquifer) shall be taken into
account in selecting an analysis method. Cooper, et al. (1967), and Papadapulos, et al. (1973) have
developed test interpretation procedures for fully penetrating wells in confined aquifers. Hvorslev (1951)
developed a relatively simple analytical procedure for point piezometers in an infinite isotropic medium. In
Cedergren (1967), Hvorslev presents a number of analytical procedures which cover a wide variety of
hydrogeologic conditions, testing procedures, and well/boring/piezometer configurations. Bouwer and
Rice (1976) developed an analytical technique applicable to both unconfined and confined conditions,
which factors in partial/full penetration and discusses well screen gravel pack considerations. The
Ground Water Manual (1981) presents a number of testing and test analysis procedures for wells and
borings open above or below the water table, and for both falling head and constant-head tests. The
methods described above do not represent a complete listing of test analysis methods available, but are
some of the more commonly used and accepted methods. Other methods can be used, at the dxscretlon
of the prOJect hydrogeologist and in concurrence with the Project Manager and client.

One consideration to be noted during data analysis is the determination of the screened/open interval of a
tested well. If a well with a fully submerged screen is installed in a relatively low permeability formation,
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and a gravel pack which is significantly more permeable is installed around the screen, the length of the
gravel pack (if longer than the screened interval) should be used as the screened/open length, rather than
the screen length itself. In situations where the formation permeability is judged to be comparable to the
gravel pack permeability (within about an order of magnitude) this adjustment is not required.

-All data analysis applications and ¢alculations shall be reviewed by technical personnel thoroughly
familiar with testing and test analysis procedures. Upon approval of the calculations and resuits, the
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to
appropnate project personnel and the original copy stored in the project central file..

6.0 REFERENCES

‘Cedergren, H. R, 1967. Seepage, Drainage, and Flow Nets. John Wiley and Sons Inc., New York,
pp. 78-76. ' :

Cooper, H. H., Jr., J. D. Bredehoeﬂ and |. S. Papadopulos, 1967. Response ofaFlmte Diameter Well to
an Instantaneous Change of Water. Water Resources Research, V. 3 No. 1, pp. 263-269.

Hvorslev, M. J.,, 1951, Time Lag and Soil Permeability in Ground Water Observations. U.S. Army Corps
of Engineers, Waterways Experiment Station, Washington, D.C. Bull. No. 36.

Papadopulos, 1. S., J. D. Bredehoetft, and H. H Cooper 1973 On the Analysis of Slug Test Data. Water
Resources Research V. 9, No. 4, pp. 1087-1089.

_Bouwer, H. and R. C. Rice, 1976. "A Slug Test for Determining- Hydraulic Conductivity of Unconfined
Aquifers with Completely or Partially Penetrating Wells." Water Resources Research, 12:423-28.

United States Department of the Interior, 1981. Ground Water Manual. U.S. Government Printing Office,
Denver, Colorado. a

7.0 RECORDS

Field data shall be recorded on the data sheet included as Attachment A (or equivalent). 1 Any notes
regarding testing procedures, problems encountered, and general observations not included on the data
sheet shall be noted in the bound site logbook or field notebook. The boring log and well construction
diagrams for each weil/boring tested shall be used as references during testing and data analysis .
activities. Original data sheets shall be placed in the project file, along with the logbook/notebook.

1 If an automated data recorder is used, the data may be displayed using the printer output from the unit. Such
printouts shouid be annoted to include the relevant data form, or attached to the form shown as Attachment A.
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EXAMPLE HYDRAULIC CONDUCTIVITY TESTING DATA SHEET

HYDRAULIC CONDUCTIVITY TESTING DATA SHEET

PROVECT MAMES - .o.ooooomoeoeeeeeeae e eeeeeeeermaeeeevmesesese e s banesseasone e smsnbensens eeene s WELL /BORING NO.: ...ooioenrenernnnnnn
PROVECT NO.: - GEOLOGIST:
WELL DIAMETER: .......ccoovennn...  SCREEN LENGTH/DEPTHS .ooooeooeieeemecnaee e cacenmsasiaes TEST NO.: . .
STATIC WATER LEVEL (Depth /EIevation): .........coc.cceeecemrmeerrecesreresmsmsssnscrsrnimonreeecns DATES Lot
TEST TYPE (Rising /Failing,/Constant Head): ............cowere-- :
METHOD OF INDUCING WATER LEVEL CHANGE: PAGE ... OF ..........
REFERENCE PT. FOR WL MEAS. (Top of Cosing, Transducer, .tc.)' et eeteeesveseerstrasarsesaae annseebteanrreessae an rreneenneanen
ASURED FLAPSED MEASURED ] DRAWDO WELL SCHEMATIC
EHRED | whFER R |or HEADO?X'H TIME: WAFER LEvEL |ore HEAD ‘?NH)
(min. o wec.) (teot) (foat) {min. or >ec.) {$eet) ~
2
>
=
z2—]
BEa3
BEES
g
3
zlndleotc SWL
Depth on Drowing
? REMARKS:
P e e e S e e e e s e e s e E S e e = E e E R E = == == === = AL Al bbb Al b il A bbb At d b
=== =5 == [ —
: ..................................................
L] .
3 CALCS,SKETEH MAPS, ETC.:
-3
019611/P

Tetra Tech NUS, Inc.



Number Page
, CT-04 1of6
STA N DA R D Effective Date ' Revision
09/03 1

- OPERATING o
PROC EDU RES Tetra Tech NUS, inc.

. Prepared
TETRA TECH NUS, INC. - Risk Assessment Department
Subject ‘ ‘ ’ Approved Aﬁzj i
' SAMPLE NOMENCLATURE . D. Senovich
TABLE OF CONTENTS
SECTION PAGE
10  PURPOSE....... - et msesis s revvieisns e bttt 2.
20 SCOPE.meosiecrcerneslevecnserenierereressesessensssars s reeeeeeesese e eneeseroens et 2
3.0  GLOSSARY ....eenee. — reneesesr bbb b e ma e prenens 2
8.0 RESPONSIBILITIES ...oooseermmmussmrenasersssstosissssisssesssastsssess e sssssasssssars e s essssanstis 2
5.0 PROCEDURES..................; ............................................................................................................. 2
' 5.1 INTRODUCTION. oot e s nneis SRS~ S
5.2 SAMPLE IDENTIFICATION FIELD REQUIREMENTS ................................................ .3
5.3 EXAMPLE SAMPLE FIELD DESIGNATIONS w..cooomoeeeeeeeeeeeeeieeemesioeee e ee e smsnesarni 4
5.4 EXAMPLES OF SAMPLE NOMENGLATURE ........ovueerreemaeseeieseecasesesse e ansssssnseiens 5
55 FIELD QUALITY ASSURANGE/QUALITY CONTROL (QA/QC) SAMPLE ,
NOMENCLATURED) ..o eeoeeeveeeeeereeeesrasessessissaseseeneesessssassseisaressaiens et er s 6
; 5.6 EXAMPLES OF FIELD QA/QC SAMPLE NOMENCLATURE ....c..lverromovmmricnsrssiiiionn
6.0  DEVIATIONS cooooeoeeearesressreresnnnennes cvcereceesesEaseesEesa e A TR - 5
£
019611/P Tetra Tech.NUS,; Inc.




Subject ' Number Page
. CT-04. 20of6
SAMPLE NOMENCLATURE Ravision ] Effective Date
1 09/03
1.0 PURPOSE

The purpese of this document is to specify a consistent sample nomenclature system that will ‘facili_tate'
subsequent data management in a_cost-effective manner. The sample nomenclature system has been
devised such that the following objectives can be attained:

e Sorting of data by matrix.

- Sorting of data by depth.

» Maintenance of consistency (field, Iaboratory, and data base sample numbers).

» - Accommodation of all project-specific requirements.

» _Accommodation of laboratory sample number length censtraints (maximum of 20 characters).
20 SCOPE

: The methods described in this procedu'_re shall be used consistently for all projects requiring electronie data.

3.0 GLOSSARY
Nene.
40 RESPONSIBILITIES

Proqram Manaqer - It shall be the responsibility of the Program Manager (or designee) to inform contract-
-‘specmc Pro;ect Managers of the existence-and requirements of this Standard Operatmg Procedure

g Prolect Manmer - jt shall be the responsbmty of the Project Manager to determine the applrcabrhty of this

‘Standard Operating Procedure based-on: (1) program-specific requirements, and (2) project -size and -
- objectives. It shall be the responsrblhty of the Project Manager (or designee) to ensure that.the sample
' nomenclaiure is thoroughly specified in the relevant project planning document (e.g., sampling and analysis . -

Y plan)-and is consistent with this Standard Operating Procedure if relevant. It shall be the responsibility of

“ the ‘project manager to ensure that the ‘Field Operations Leader is familiar with the sample nomenclature
system :

Fleld Operations Leader - It shall be the responsibility of the Field Operations Leader to ensure that all
i field-techinicians or sampling personnel are thoroughly familiar with this Standard Operating Procedure and’

- the project-specific sample nomenclature system. It shall be the responsibility of the Field Operations
Leader to-ensure that the sample nomenclature system is used during all project-specific sampling efforts

' 50 PROCEDURES
- 51 _ Introduciion

2 The sample identification (ID) system can consist of as few as 8 but not more than 20 drstrnct alpha-
.~ ‘pumernc characters The sample 1D will be provided 1o the laboratory on the sample labels and-chain-of-
° custody forms. The basic sample ID provided to the lab has three segments and shall be as follows where’
YA 1ndrcates alpha "and *N* mdrcates '"numeric™:

¥

AorN “AAA AorN
-3- or 4-Characters - | 2- or 3-Characters 3--to 6-Characters -
Site ldentifier , Sample Type Sample Location
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: Addiiidnal segments niay be added as needed. For example:

(1) Soil- and Sediment Sample ID

AorN AAA T AorN T NNNN

3-or 4-Characters | 2- or 3-Characters 3-to 6-Characters | 4-Characters
Site Identifier Sample Type Sample Location Sample Depth

(2) Aq'erus (groundWater or surface water) Sample 1D

" AorN YY) AorN NN A

1. 3-or4-Characters | 2-or 3-Characters | 3-to 6-Characters | 2-Characters . , ]
| Site I0entifier Sampletype “Sample Location .- | Round Number. | Filtered Sample only

(3). - Biota Sample ID

"AorN ‘ AAA . AorN AA NNN
3-or 4~Characters 2- or 3-Characters | 3- to 6-Characters 2-Characters 3-Characters
o | Slte ldentmer | Sample Type Sample Location Species Sample Group
: ' o Identifier -t Number .
52 Sample Identification Field Requirements

The various fields in the sample 1D will include but are not limited tothe follbowinbg:

" Site Identifier
Sample Type
Sample Locatlon
Sample Depth
~ Sampling Bound Number
" Filtered' ' '
SpéCié_S Identifier -
_ Sampie Gro’up Number

The snte identifier must be a three- or four-character field (numeric characters, alpha characters or a
mixture of ‘alpha and numeric characters may be used). A site number is-necessary since many

- facilities/sites have mulhple individual snes SWMUs operable units, etc. Several examples are presented
in Section 5.3 of this SOP.

The sample-. type must be a two- or three-character alpha field. - Suggested codes are provided in
- Section 5 3 of this SOP

' The sample location must be at least a three-character field but may have up to‘ six-characters (alpha
numeric, or & mixiure). The six-characters may be useful in ideptifying a monnonng ‘well {o be sampled or
describing a grid location.

The sample depth field is used to note the depth below ground surface (bgs) at which a soil or sediment
sample is collected. - The first two numbers of the four-number code specify the top interval, and the third
and fourth specify the bottom interval in feet bgs of the sample. If the sample depth is equal to or gréater
than 100, then only the top interval would be represented and the sampling depth would be truncated to
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